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VI - Foreword 

that the teaching of animal nutrition should bring closer together the 
theory of nutrition and the practice of animal feeding This gap is 
not adequately coveted by recapitulation of the specifications and 
behavior in rations of the hundreds of edible products used in feed- 
ing animals Nor should we shirk out responsibility by discussing 
theones of animal nutrition, and leaving it for some phase of animal 
care and management to apply the theones to feeding practice For 
example, the problems of ration formulation, together with those 
of ingredient procurement, processing, and mixing have become so 
broad in scope and so intricate in application that the commercial 
preparation of ‘balanced rations” and of specialized ration supple- 
ments IS no longer merely a matter of convenience to the feeder 
The present book has been designed expressly to help bndge this 
gap between animal nutation and livestock feeding practice, it is an 
attempt to extend Fundamental Animal Nutrition into what we may 
call Applied Animal Nutrition 

Students taking this course should have as prerequisites, as far as 
practicable, those subjects of a college undergraduate curriculum 
necessary for an understanding of fundamental animal nutrition, as 
well as many of those that deal with animal care and management 
The subject matter of the text can partly be deduced from the 
paragraphs above The author, m attempting a critical consideration 
of fccdstufis and their use, accepts on the one hand the facts pre- 
sented and discussed in Animal Nutation, and on the other, presumes 
that livestock feeding practice is a part of the subject of animal man- 
agement He also assumes that a catalogue of feedstuffs is an impor 
tant part of the subject matter of reference books on feedstuffs 
rather than a desirable feature of a text dealing with problems of 
the assembly of nutrients into rations But he does believe firmly, 
that to present a coherent and reasonably complete treatment of 
Applied Animal Nutrition he cannot be bound by traditional subject 
limitations 

The reader will find the subject matter treated under four main 
sections, plus an appendix The first section is devoted to definition 
and cntical appraisal of the terms and expressions used in describing 
feedstuffs Section II deals with the nutritional requirements of am- 
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mals, with special attention to the biological basis for feeding stand- 
ard data. The nature of feeding standards and their limitations as 
guides in ration formulation are also considered in some detail. Sec- 
tion in features a classification of feeds. The discussion of the prop- 
erties and functions of key feeds is intended to establish a sound 
basis for feed substitution in ration formulation. A classification of 
roughages according to available energy is a feature of this Section. 

The last Section (IV) has to do with the problems of ration 
formulation. The translation of feeding standards into terms of meal 
mixtures, and the development of the concept of flexible formulae 
for meal mixtures, mineral mixtures; and mixed supplements in- 
tended as all, or as a part of the rations of farm livestock (cattle 
and swine) receives careful consideration in this section. It is through 
such formulae that the facts of nutrition and the characteristics of 
feeds are eventually brought together in terms that are immediately 
useful in feeding practice. 

Finally pertinent comments on feed legislation and a selected table 
of feed composition appear as an appendix. 
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SECTION J WHAT ARE 

FEEDSTllFFS? 


T 

JL/ie dilemma facing the author of a text about 
feedstuffs and their use in practice is, where to begin. Seemingly, no 
matter where he makes his start, there is something that should 
already have been explained or considered. A part of this difficulty 
arises because some of the same terms are used to describe animal 
needs that are employed in the description of the properties of the 
products used to meet these needs. And so it may be logical to deal 
first with the definitions of a variety of terms, ail of which eventually 
you will need to understand. We shall interpret "Definition of Terms" 
broadly to include, where it seems desirable, much more than names 
or expressions. To make the definitions useful it may be necessary to 
expand them into somewhat detailed discussions of the significance 
and use of the term under consideration. 

Not all of the nutritional terms used in this book, however, will be 
thus defined, for we shall assume that the reader already has at least 
an elementary knowledge of fundamental nutrition and hence of the 
biochemistry, physiology, bacteriology, and mathematics that ttnderly 
this subject. Perhaps we may sum up the whole matter by saying that 
this section will deal with what feedstuffs are, how they are described, 
and what significance is to be attached to their descriptions in applied 
livestock feeding. 


I 
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In this section it is not our intention to catalogue by name the 
hundreds oi feeding stuffs know n and used in the rations of animals 
Our objective is rather to consider a number of the terms, particu- 
larly those other than the name, that wc employ m describing feeds 
and to examine ^hat each of these really tells about the nutritional 
properties of the product Some of the terms are applied to all feed 
stuffs as for example, the proximate analysis, either complete or in 
part nftile others are applicable only to specific or perhaps to a 
Umited group of products 



CHAPTER 


Terms and Definitions 
Used in Connection with Feeds 


Names 

YOU SHOULD not infer from the comments we made in the intro- 
auction to this section that the name of a feed is of no importance. 
On the contrary, an experienced livestock feeder who knows the 
feeding properties of a given feedstuff can identify it by name alone 
and use it in its proper place in the ration. For example, he might 
not be able to distinguish easily a sample of finely ground oats from 
one of ground barley. If, however, the samples were identified by 
name he would have no difficulty in using the two products properly, 
since'their names would identify for him at once the well-known 
nutritive characteristics associated with each feed. 

For official description the name serves in the same way that the 
name of any other product serves, either as a complete description 
of a unique product or as the starting point of a more detailed 
characterization. Feed control legislation usually includes the official 
name and often some further descriptive information for all recog- 
nized feeds. Such facts may or may not have direct relation to feeding 

In this connection let us cite an example of the name problem. 
Barley is used for malt in the production of beer; not all barley is 
suilable for this purpose and may instead be used as human or animal 
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food In Canada bailey sold for animal food may be graded and sold 
as “feed’ barley Insofar as the barley in the product is concerned it 
IS the unaltered seed of the barley plant It is “feed ’ barley rather 
than “malting” barley because of its characteristics as to vanety and 
quality The feeder who uses it, however, may thmk and speak of it 
as “barley feed ’ 

But ‘barley feed” is the official name of another product — 
the mill-run offal from the manufacture of pot and pearl barley for 
human use It is? m fact, the hull, the germ, and a part of the outer 
coating of the barley kernel or groat 

Were it not for the official names and definitions of the products, 
the feeder might not realize that rations guaranteed to contam “barley 
feed’ ate not made with entire barley but instead contam a by- 
product of relatively low energy value 

Similarly, the product officially known as “nee feed ’ is a mixture 
of rice bran, nee embryo, and rice polishings This product is some- 
umes offered to a feeder as “rice meal,” the term used m the nee mill 
to designate this residue from the production of polished nee from 
brown nee Smee barley meal is ground barley, the feeder may erro- 
neously assume that this nee meal is ground nee Unlike barley feed, 
nee feed has an energy value actually higher than ground nee, since 
It IS a low-fiber, high-fat product 

Names, together with the additional descnptive information m the 
official records, may adequately serve to identify products commer- 
cially, but unless the feeder knows whether or not the parts of the 
feed included m the matenal arc nutritionally equivalent to the whole 
seed, the name and official descnption are of little use m indicating 
feeding properties of by-products 

Occasionally products that are quite local m •occurrence are re- 
Icrrcd to by iheir users in terms (hat ate misleadmg as to their 
nature In some buckwheat growing areas this gram is milled by 
cracking oil the outer, woody, black hull, which may be used as 
packing matenal, since u has no feedmg value, while the inner 
kernel rs fed to livestock or furttet milled mto flour Local stock 
teeders often refer to this kernel as buckwheat, and feeders m the 
area are familiar with the nature of the product DifHeulty and mrs- 
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understanding arise, however, when these feeders request from an 
outsider information regarding the use of buckwheat. 

Then there is the authentic case of the farmer who complained to 
the farm paper that the advice given him about alfalfa hay was quite 
wrong- that when he fed his alfalfa as directed his cows did very 
poorly. In a postscript he asked, as an afterthought, where he could 
sell the seed he had threshed off this hay. 

And so names are important when dealing with feedstuffs if for no 
other reason that they may help to identify product^sufficienUy that 
two people can be sure they are. talking about the same feed. To be 
most useful in this respect and to avoid confusion, take care to use 
the correct official name when referring to a feed. The descriptive 
material one should expect to find given with an official definition of 
a feed will normaUy include its origin, source or parent material, per- 
tinent information relative to the processes by which it is produced, 
and any restrictions or limits as to the makeup, if such apply. For 
example, “Feeding Tankage is the wet-rendered or dry-rendered, or 
both, residues from animal or poultry tissues suitable for livestock 
feeding and containing not less than 50% of crude protein; it shall 
not contain more than 35% of blood; it it bears a name descnptive 
of its kind, composition or origin, it shall correspond thereto; when 
wet-rendered it shall be tanked under live steam.” Or, again, “Com 
Gluten feed is that part of commercial shelled com that remains 
after the extraction of the larger part of the starch and germ by the 
processes employed in the wet-milling manufacture of cornstarch or 
corn syrup. It may or may not contain either com solubles or com 

The official names and definitions of feedstuHs that are regulated in 
feed legislation for both the United States and for Canada are given 
in Appendix 11 of this book. 

Official definitions, especially those that contain specific rcstnct.ons 
as to purity or admixture, may vao’ in different focal junsdiclions. 
Such “definitions” and their specific restrictions arc “officiar only 
in the locality where they apply; as. for instance, in several of the 
States, which have feed control laws that are not uniform. 

• The Mins 511.(7. Act (19S2). Canada Dept. of Agriculluie. , 
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We should note a further limitaUon on the usefulness of the name 
of a feedstuff The name cannot give the feeder direct information 
indicative of feeding value unless he knows the nutritional properties 
of the components indicated by the name to comprise the feed, 
such as wheat germ meal, or unless he is familiar with the conse- 
quences of the processing that the definition indicates has been 
involved in its production, such as dry-rendered, wet-milling, etc 

Feeding Stuffs 

This term is, m general, synonymous with feed, food, or fodder, 
although It IS broader than these terms in covering all materials 
included in the diet because of nutritional properties It embraces 
not only the naturally occurring plant or animal products and the 
by-products prepared from them, but also chemically synthesized or 
otherwise manufactured pure nulnents or prepared mixtures of them 
used as supplements to natural foods Thus, while wheat germ meal 
IS a livestock feed or a human food, thiamine hydrochloride is a pure 
nutnent, which may be chemically synthesized and used as a sup- 
plement to feeds It is not a feed but it is a foodstuff A feedmg stuff 
therefore is any product, whether of natural origin or one artificially 
prepared, that when properly used has nutntional value m the diet 

Rahon; Diet A ration is a 24 hour allowance of a feed or of 
the mixture of feedmg stuffs making up the diet The term carries 
no implications that the allowance is adequate in quantity or kind 
to meet the nutntional needs of the animal for which it is intended 
It merely refers to a daily allocation of provisions and is the usual 
basis for food accounting in the armed forces and m institutions 
Some confusion occasionally arises as to the meaning of the two 
terms raiion and diet Is there any disUnction between them‘> Ac- 
cordmg to Webster a ration is “a axed dady aUowance ot food for 
one person (ot one animal) m an army ot navy ” A diet ts “what 
a person or animal usually eats and dnnks, dady fare ” The distinc- 
non made by some in using diet as appbed to human food, and 
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ration with animal feeding is not logical, especially since we refer to 
the rations of laboratory animals as diets. In the sense of their mean- 
ing, the terms are synonymous and are so used in this book. 

The introduction of the term ration into livestock feeding lan- 
guage was accompanied by a less precise definition of its meaning. 
The feeder was usually as much interested in a nutritionally adequate 
ration as in a statement of a quantity of some food. To meet this 
need the term balanced ration was coined to refer to a feed mixture 
just sufficient to meet the 24-hour requirements of a specified 
animal; the balance referred to the proportion of earbohydrate, fat, 
and protein in the ration. 

We recognize, of course, that some hundred or more nutrients 
are known which may be involved in an adequate diet, and that a 
ration balanced as to the primary or energy yielding nutrients may 
still be sadly deficient for the nourishment of the animal. 

Furthermore, in practical husbandry, rations are not prepared 
for individual animals; rather some mixture of feeds is prepared and 
portions doled out to animals of the same feeding group; or else 
the mixture may be self-fed to groups of animals of the same 
feeding category. 

The original implication of the ration as a 24-hour allowance of 
food for one animal was never compatible with the practical use of 
feedstuffs. Ration, however, appears to be firmly established in the 
feeding lingo but its definition has undergone an important change. 
As most often used since about 1940 in the feed trade and by the 
feeder, ration or even balanced ration refers to a mixture of feed- 
stuffs prepared for the feeding of some specified class or group of 
animals and intended to constitute either the entire dietary allowance 
or some definite and specified portion of it. 

\Vhen the mixture is referred to as a balaneed ration the referenec 
implies that the mixture is nutritionally adequate for the feeding of 
the animals specified when used aecording to recommendations. 
These recommendations are important sinec the radon as it js may 
not be a complete ready-to-feed mixture. It may require the ad- 
dition of basal feeds, as in the case of a supplement; or may be 
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intended tor feeding over a restncled period only, as m the case 
of medicated mixtures, or it may be suitable for feeding in con- 
junction with forage of a certain kind, as m the case of cattle feeds 


Basal Feeds 

This term appears to be of Canadian origin and was first used as 
a designation of the whole group of grams and their by-products 
whose protein content does not exceed 16% or their fiber 18%. 
The fecdstufTs of this category form the basis of normal livestock 
meal rations 

Nutritionally, basal feeds arc primarily concentrated sources of 
energy, being especially nch in starches and sugars They have been 
described as carbonaceous concentrates In everyday feeder’s lan- 
guage they are the low protein concentrates, such as com, barley, 
oats, wheat, and the by-products milled from them that do not con- 
tain enough of the embryo or of the gluten layers to appreciably 
increase the protein of the feed over that of the parent gram 
Basal feeds average between 10 and 14% crude protein and some- 
thing less than 5% of ether extract The chief gross difference be- 
tween basal feeds, which is of significance m their practical use, 
lies in their digestible energy content, which, in turn, is likely to be 
inversely proportional to their crude fiber content 

Inasmuch as feeds of this category normally constitute from 60 
to 90% of practical livestock rations (exclusive of roughage), it 
IS evident that an important consequence of substitutions between 
these feeds is a change in the useful energy value of the ration, and 
hence in the quantity of the ration that must be fed to meet the 
animals requirements Undoubtedly more feeding problems are 
traceable to failure to meet energy requirements than to any other 
single cause 

Supplements 

Feeds o! Ihis type are coacenlrated sources of protein or ot some 
minerat clement, ot of some particular vitamin A mixed protein 
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supplement is by convention a mixture of feeds that carries 30% 
or more of protein. However, single feeds that contain 20% or mote 
of protein are included in the supplement category. Any mineral or 
vitamin carriers added to the ration are normaUy referred to as 


supplements. . 

The term supplement is itself descriptive of its definition. For 
example, in order to properly balance the basal feeds, additional 
protein must often be incorporated in the final mixture. This is 
normally done by adding feeds that are richer in protein than the 
basal feeds. Consequently, such feeds are commonly referred to as 
protein supplements. 

Some protein supplements are high in protein because by nature 
they contain very Uttle carbohydrate. This would be true of many 
animal by-products such as meat meal, or liver meal, or dned milk. 
We shall also find marine products such as fish meal high m protein 
for the same reason. In both instances the fat of the ongmal car- 
cass has been largely removed. Nevertheless, with some fish meals 
there may be appreciable amounts of oil remainmg in the meal, 
which not only dilutes the protein but may limit the use of the 

product, as we shall point out later. ... t , . 

On the other hand, most of the high protein feeds are of plant 
origin and contain a high concentration of protein because some 
parts of the original product have been removed by milling. Thus, 
we find the protein supplements from the oJ-b<=»™E seeds are 
nothing more than the seed from which the oil has been extracted, 
with the result that the residue carries relatively more protein than 
it did originally in the whole seed. Another group of protein sup- 
plements are high in protein because the starch has been removed 
from the original seed. 


Concentrates 

Technically all feeds supplying primary nutrients (protein, car- 
bohydrate, and fat) arc classed as “"“f 

content does not exceed 18% (see Roughage below). In the feed 
trade however, the term concentrate has been almost universally used 
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to indicate commercially prepared supplements In this sense the 
term concentrate refers to a concentranon of proteins, or of minerals, 
or of viumins m excess of those found in the basal feed Such con- 
centrates are usually mixtures, and these concentrate mixtures fre- 
quently supply several of the individual nutrients with which the 
basal feeds must be fortified m order to make adequate rations 
There is seldom any difficulty in interpreting the terms concentrate 
and supplement because the context in which they ate used indicates 
what they mean 

Roughage 

In fann usage rou^age is nonnally considered to be material 
making up fodder such as hay, silage, pasturage, etc The dis- 
tinguishing charactenstic of roughage is usually a high fiber content 
For hays this frequently runs between 25 and 30% of the dry 
weight 

There is, however, another group of feeds that m physical ap- 
pearance might be classed as concentrates, but which nevertheless 
are nutritionally more Uke roughages, as they are high m fiber and 
relatively low in useful energy For example, it seems inconsistent 
to class alfalfa hay as roughage, and the meal made from it by 
grinding, as a concentrate It is also difficult to justify the practice 
of labeling as a concentrate oat hulls or oat feed m spite of the fact 
that they are a part of ground oats When any of these products 
are sold unmixed with oiher feeds there is no particular difficulty 
about their feeding value When however, they are used as ingredi- 
ents in “balanced” meal rations, mere statement of their presence 
b> name in the list of ingredients may fail to warn the feeder that a 
low energy product is involved 

One solution of this problem has been put into effect m Canada 
where by definition in the Feeding Stuffs Act roughage is any material 
suitable for feeding livestock which contains more than 18% crude 
fiber Thus, m Canada, such products as alfalfa meal, ground oat 
hulls, oat feed, some samples of com bran, oat mill feed, some 
gram screenings, etc , are actually classified officially as roughages. 
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even though their coniiiion form might lend one to think of them 
as concentrate feeds. 


Feed Processing Terms 

Mash or Meal. This is a feed manufacturer’s term for a ration 
or teed mixture in which all of the ingredients are ground. Mash 
is more often used in referring to poultry rations than to. livestock 
rations; for the latter the term meal is used rather than mash. 
Occasionally, however, the term mash is used locally by feeders to 
refer to a quantity of a feed that is prepared for feeding by moisten- 
ing with hot water (viz., a bran mash). The term is sometimes 
loosely employed by a feed manufaeturer in designating a feed 
mixture in which some flakes or rolled ingredients are included 
with the ground materials. 

Flakes.' Unground grains or the groats from grains are sometimes 
prepared for feeding by crushing or rolling (between rollers). The 
product so treated may be referred to as rolled (as in the case of 
“teed rolled oats’’) or as flaked (as in the case of “flaked wheat”). 
With small, hard kernels such treatment may increase their digesti- 
bility somewhat, merely by ensuring that all of the kernels are at 
least broken open. The process has no other nutritional value, and 
it is used primarily to change the physical nature of the rationHn 
the hopes that it may induce greater feed consumption. 

Pellets. Feedstuffs, after grinding and moistening (called temper- 
ing in the feed mill) may be forced under pressure through perfor- 
ated dies. As the strings of material extrude through the die they 
arc cut oil into short lengths. These small, pressed feed particles 
arc called pellets, and feeds or feed mixtures so prepared are said 
to have been pelleted. Nutritionally, this method of preparation, has 
some advantages over the mere grinding of the grains. With some 
feedstuffs and with some classes of animals there may be a tendency 
for coarser materials in mixtures to sift out or to be picked out from 
the finer ingredients. Such segregation liccomes important in tlie 
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case of mixtures where small quantities of purified nutnents are 
added as supplements, and where an even distnbution must be 
maintained through the batch of feed for satisfactory feeding results 
It 15 also claimed by some that when pelleted feeds are offered to 
livestock there is less wastage, particularly of feed that has been 
spilled from the feeder, because the animals can recover spilled 
pellets more easily than spilled ground feed 

There is no doubt that pelleting tends to improve the physical 
nature and hence the acceptability of feed mixtures that contam 
powdery substances Animals dislike powdery feeds and may not only 
waste considerable quantities of such materials when they are offered, 
but may voluntanly reduce their feed intake appreciably 

There is no satisfactory evidence that pelleted feeds are any more 
nutritious per pound of material consumed than those that are fed 
without such processing If, however, by such treatment dustiness 
IS reduced and animals can be induced to consume larger quantities 
of the feed, it may be worth its cost 

Pelletmg has also been used to simplify the problem of the feeder 
who wishes to use his owu farm grown grains that are unground, 
but who must also employ certain commercially prepared materials 
that ate ground Feed manufaciuters will frequently supply feed 
mixtures in pelleted form, which may be mixed with unground farm 
grams into combinations that will not separate out 

One of the problems in pelleting feeds is to prepare the pellet 
m a firm enough form to resist breaking and crumbbng on handling 
Molasses incorporated in the feed to the extent of 5 to 10% will 
usually keep the pellcls from cnimbhog More recently sodium 
bentonite to the extent of about 2% has been incorporated into 
such feeds, where it is effective m making a firmer pellet 

Crumbles Ciumbles are crushed pellets The product may or 
may not have been sifted to a uniform size of particle When they are 
sifted the fines are returned for tepelleUng and subsequent crum- 
bling 

The process of crutnblmg is employed for two purposes the first 
one IS that it may speed up production Feed mixtures can be proc- 
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essed into relatively large-sized pellets, which are then crumbled. 
The manufacturing cost of producing a large pellet is much less than 
that of producing a small pellet, and consequently the process is 
attractive from the manufacturing standpoint. The second reason 
is because it has been found that some classes of stock pre er a 
fine pellet and perhaps one of irregular shape. Cmmbles seem be 
the answer to this problem since the feed has aU the advantages of 
being dust-free and at the same time is granular m form. 


Nutrient 

A nutrient is defined by Morrison as any food 
of food constituents of the same general chemical 
aidsTn the support of animat life. We mus 

somewhat more broadly than was originally intended S And 
now have to include — " - .J re/rh n^- 
so while foods are pare ., be more than a combina- 

nutrient material, a hebcally produced vitamins and 

tion of foods. It -;y.'"f' /2'““‘tfhaps amino acids re- 
chemically prepared ^ of the products actually 

covered from hair. What anima seann terms ^ 

consumed is ^ furnished to the body 

quantity and assortment ot tne 

through the rations made available to I cm ^cognized 

One cannot be sure today Uiat a hst^^^^^^ ^ 

nutrients found in feeds, or f practical pur- 

complete list of the 

poses, however, we do knovv understand what 

are, and enough about most ^^^^^qoonUy why they must be 
Iheir general functions arc, a 

supplied to the animal. recognize that some of the 

In the practical , and thus may be essential only 

nutrients are non-specific in f functions. Mow- 

as members of a group of nu r be classed together on the 

ever, even where some ‘ individual members of these 

basis ot certain common propc 



14 - Applied Animal Nulnlion 

groups may ha\e specific functions not duplicated by other members 
of the same group In order to systematize a consideration of the 
nutrients you may find it useful to look at them grouped into cate- 
gones, which have nutritional, or at least unique descnptive charac- 
tenstics Such a listmg is shown m Chart 1-A 

In this list only the 12 essential ammo acids are detailed and no 
attempt IS made to indicate the wide assortment of fatty acids, or 
the difierent sugars and other carbohydrates that the chemist is able 
to isolate from feedstuffs Nor is the list of vitamins as complete 
as present mformation would permit The Ust is intended rather to 
include those nutrients with which the feeder may have to concern 
himself in the preparauon of satisfactory rations 

Wc have attempted to classify the morgamc elements into those 
that often have to be added m ration formulation, and those that 
are usually abundant in any diet The feeder is cautioned that this 
part o! the classification cannot be made fixed because of differences 
between geographic areas m both qualitative and quantitative oc 
currence in feeds of some of the elements 

It IS difficult to place these few mineral elements in any order of 
priority or importance In point of quantity calcium and phosphorus 
will stand first, if we assume that common salt is to be supplied as 
a matter of routine and quite mdependently of any quantities of 
sodium and chlonnc that may be in the feedstuff Information con 
ceming the content of feeds in iron, cobalt, and copper will be 
desirable insofar as the required elements are concerned, but there 
may be some doubt as to whether one need worry about the iodine 
content of any of the feedstuffs Evidence of the need for supple- 
mental iodine IS quite clear for young farm animals bom with the 
well known symptoms of lodme deficiency Since few ammals subsist 
cnurcly on feeds grown in a particular distnct where the animals 
themselves are kept, knowledge of the lodme content of the feeds 
of such districts is of relatively little help in predicting the need for 
iodine supplementation Furthermore, supplementation with iodine 
of the rations of pregnant females is largely a routine matter wherever 
goiter is found, and it is usually accomplished by purchasmg iodized 
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CHART 1-A Showing Nutrients to Be Considered in Ration Formu- 
lation 


Main groups 

Subgroups 

Nutrient group 

Specific nutrients 

Nitrogenous 

Proteins 

Non>protein 

Amino acids ■ 

Amino odds 

Lysine, tryptophane, histidine, 
leucine, phenylalanine, tsoleu* 
cine, threonine, methionine, va- 
line, arginine, glycine, glutamic 

acid 


LIpIdes 

Neutrol fats 

Fofty odds ' 

Sterols 

Non-specific sources of energy 
Lineleic, linolenic, orochidonlc 
Mother substance of Vitamin D 

Hon-nitrogenous 

Corbohydrote 

Starches & sugars 

Cellulose 

HemrceMvIose 

Non-specific sources of energy 
Essential food for some mlcro- 

ftoro os cellulose 


Other 

tigm'n 

Not 0 nutrient— a hindrance to 
bocterlol breakdown of eeliulose 

Vitamins 

Fat soluble 

Vltomln A 

Vit. Di (plant origin) 
Vit. D) (animol origin) 

Vltomln E 

Vitamin K 

Carotene 

Coleiferel 

7-dehydrecholesterol 


Woter soluble 

Vitamin B-complen 

Thiomlne, riboflavin, niacin, pyri- 
doxine, pantothenic add. Vita- 
min Bis 



Often required os 
supplements 

Caldum, phosphorus, sodium, 
chlorine. Iron 

Inorganic 

elements 

Essential 

Needed os supple* 
menis In tpedfic 
geogropMc oreos 

Iodine 

Cobalt 


Usuolly obimdont In 
normol diets 

Polotsium, magnesium, manga- 
nese, zinc, sulfur, copper 


Non-essential 

Toatc 

Fluorine, arsenic, selenium, mo- 


lybdenum 


16 - Applied Animal Nutrition 

We shall deal with the question of the quantities of the several 
nutnents needed by vanous animals m a later section 


Enzymes 

An enzyme is defined as one of a number of complex organic 
substances capable by catalytic action of transformmg some other 
<»mpound In the sense that it is of concern to us here, en^mes are 
the biological units that make possible the assembly and/or dissocia- 
tion of the chemical units invoUed in the changes that foods, nutri- 
ents, and tissues undergo m their metabolism All chemical changes 
within the body are enzyme-catalyzed, from which it follows that 
parUal or complete enzyme failure is at once reflected in deranged 
metabolism 

There is a direct relation between enzymes and nutntion Enzymes 
are primarily combinations of ammo acids, some of which, of neces- 
sity, are of dietary origin Since they must function continually, 
the essential nature of dietary protem is obvious 
Perhaps because digestive ferments are so often cited as examples 
of enzyme activity, enzymes have been thought of as liquid We 
should note, however, that practically all cell proteins are constitu- 
ents of active enzyme systems In fact, it is doubtful if any large 
part of the protein of the cells should be considered as pnraanly 
structural matenal Por example, the musculature of the body is 
essentially an enzyme system 

Muscle IS about 75% water Of its dry substance some 80% is 
protein, most of which consists of the enzyme system actorajosin 
Thus, for practical purposes the dry weight of muscle, and conse- 
quently a large part of the weight of the body is an enzyme system, 
whose function is to facilitate the removal of phosphorus from its 
posiuon m the energy nch adenosme triphosphate, thus releasing 
energy for metabobe purposes In this action the physical shape of 
the acun part of the actomyosm changes from globular to fibrous 
form by undergoing successive hydration and dehydration When 
these muscles are attached to bones, this change from the short 
globular form to the long fibrous form causes body movement In 
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the meantime, the adenosine triphosphate is restored by the addition 
of more phosphorus to the depleted adenylic acid molecule. The 
energy needed to effect this phosphorylation comes from dietary car- 
bohydrates, fats, and proteins. Thus is the potential energy of foods 
put to work. i 

The relation of this enzyme system to protein nutrition is clearly 
evident on examination of the make-up of the enzyme myosin. Amino 
acids account for some 70% or more of rabbit myosin as follows; 


Cystine 

1.39 

Methionine 

3.40 

Serine 

3.57 

Threonine 

3.81 

Tyrosine 

3.40 

Aspartic Acid 

8.90 

Glutamic Acid 

22.10 

Arginine 

7.60 

Lysine 

10.30 

Histidine 

1.70 

Tryptophane 

0.82 

Glycine 

1.90 

Alanine 

5.10 

73.39% 


While enzymes themselves are amino acid complexes, the co-enzymes 
and the enzyme activators making up the other part of the active 
enzyme systems may involve mineral elements and/or vitamins. 

Enzyme systems vary considerably in their complexity. The com- 
ponent parts of the system acting on a substrate, such as pyruvic 
acid for example, include: 

A. Substances necessary to produce a suitable environment in which 
the reaction can proceed. Here we have water, materials to 
establish the correct pH, a suitable redox potential, and an ap- 
propriate ion concentration. Tliis requirement is not very specific 
and the parts of it arc not a part of the cO‘cnzymc. 

B. A protein, which is the cnz>'mc or apoenzyme. This is inactive 
without its specific co-factors. 

C. Co-factors, including specific inorganic divalent ions (magne- 
sium, calcium, manganese, cobalt and zinc); and specific organic 
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Hr. I*!. Some important pathways of energy ntelahohsm 
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compounds~the co-enzymes These latter are highly specific and 
are often complex molecules in which one of the Vitamin B- 
complex members is involved (such as thiamme pyrophosphate 
or in the pantothenic acid containing co-enzyme A) 

Examples are weU illustrated in the case of the “tricarboxylic 
cycle” of energy metabobsm Normal pyruvic acid metabolism m 
which this product is oxidized to CO 2 and HjO can proceed only in 
the presence of thiamme, pantothenic acid, riboflavin, and niacin, 
catalytic amounts of some C 4 dicarboxyhc acid (as oxalacetic acid) , 
some divalent ion (such as Mo'*‘+ or Mg++), inorganic phosphate 
to form the phosphate ester linkage between apoenzyme and coen- 
zyme, some hydrogen transport system (as dipyndal neucleotide 
or a flavo protein) , and oxygen 

The pantothenic acid is a part of co-enzyme A necessary to con- 
dense acetyl phosphate with oxalacetic acid, thiamme is necessary 
for the oxidative decarboxylation of pyruvate, nicotinic acid is a 
part of the co-enzymes di- and tn-phosphopyndine neucleotide 
needed for the dehydrogenation of i$o citric and mahc acids, and 
riboflavin is a component of the flavo-proiem enzymes, which ap- 
pear to be the hydrogen acceptors in the conversion of succimc to 
fumanc acid (see Fig 1-1) 

We should point out that while certain metabolic disorders may 
yield to the admmistration of one or more of the B vitamins, these 


vitamins are not active by themselves To relieve the syndrome 
indicative of their deficiency, the vitamins must be incorporated into 
larger molecules, which may then function as coenzymes in some 
of the metabolic machinery It has been suggested that the specific 
function of the vitamin is to form the protem-coenzyme bond 
There are a large number of separate reactions involved in the 
metabolism of carbohydrates, fats and proteins, but the types of 
reactions are iclalivcly few Nevertheless, each vitamm involved 
appears to be specific for a given type of reaction 


This bnsf consideration of the make-up of some of the enzymes 
involved m the metabolism of food should clarify several points 
regarding the critical need for amino acids, mineral elements, and 
vitamins, as aell as ejplam why a single deBciency might be reflected 
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in a wide variety of clinical symptoms; and, conversely, why any 
one of several possible deficiencies might result in the same clinical 
picture. It is the difficulty in identifying the exact deficiency that is 
so often misleading in the diagnosis of the cause of some condition. 

For example, you will note from the chart of energy metabolism 
that the reaction between the “active acetate” (acetyl-Co-A) and 
acetoacetic acid is reversible. If there is any 'disturbance in the smooth 
operation of the “Krebs Cycle,” the fate of acetyl-Co-A is likely 
to be ‘toward the formation of acetoacetic acid instead of a con- 
densation with oxalacetic acid to form citric acid. The increased 
production of acetoacetic acid results in the formation of acetone, 
which is then excreted both in the urine and by respiration to re- 
lieve the acidosis that the body cannot tolerate. Here we find, then, 
that the deficiency of any one of several of the B vitamins, or of phos- 
phorus, or of certain minerals, or of enough carbohydrate to main- 
tain the necessary oxalacetic acid (especially in the case of high 
fat intake), or the presence of an enzyme poison such as fluorine, 
might lead to secondary acetonemia. The diagnosis of acetonemia 
is relatively easy — but to spot its specific cause is another matter. 
Obviously a single criterion of faulty metabolism is seldom a reliable 
index of its possible nutritional cause. 


Toxicity 

At first thought this may seem to be an anomalous term to use 
in connection with a consideration of nutrients or even with feed- 
stufis. One might argue that if a nutrient is any edible material 
that aids in the nourishment of an animal, such material can hardly 
have toxicity as one of its attributes. Nevertheless, there are sub- 
stances that when used at certain levels are essential to complete 
nutrition, but above those levels are harmful enough to be classed as 
toxic. 

The difficulty lies in the definition of toxicity. The word is of 
Greek origin and denotes a poisonous substance. And the common 
implication is that the consequence of poisoning is death. Veteri- 
narians often qualify the term with such adjectives as mild or acute 
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to denote degrees of damage to the body’s functioning that may be 
involved 

In nutntion there are a number of situations where toxic seem 
the best descriptive term available and >et where poisonous would 
not be a synonym For example, it is generally accepted that lino- 
Jenic acid is an essential nutrient Its complete absence from the 
diet for a sufficiently long period of time leads to the death of the 
animal This fatty acid, however, is one (perhaps the only one) 
that causes “flavour reversion,*’ which is characteristic of some 
edible lipides Heatmg of fats to cause a destruction of much of 
this acid through polymerization is sometimes resorted to, and we 
now know that one or more of the resulting products, probably 
cyclic monomers, when ingested even in small amounts (i e , the 
order of 2% of the diet) will cause the death of young rats In 
smaller concentrations or with older animals the only clinical result 
may be a reducuoa of feed intake plus a decline m the gams per 
unit of food eaten These products of the heat polymerization of 
tnenoic fats are conveniently termed toxic, meaning m usual cases 
that they interfere with normal food metabobsm They are not toxic 
in the sense of being corrosive poisons They are toxic in the sense 
that they inhibit an enzyme system which otherwise would effect 
degradation of some molecule to useful metabolic products, or permit 
the molecules to be harmlessly discarded (i e , a detoxifying reac- 
tion) Such materials are often called enzyme poisons 

If we pursue this line of argument far enough, we arrive at the 
point where we must conclude that an essential nutnent such as a 
vitamin may cause toxic effects by its absence’ And here, of course, 
we come to the justification for the terra deficiency disease 

However, it is in another sense that the term toxic must sometimes 
be used with fcedstuffs Some forage plants normally contain at 
certain periods of development cyanogenic sitbsiances that render 
the forage nutritionally harmful The Sorghums, Johnson s (quack) 
grass, and Sudan grass arc among those that may contain high con 
ccntraiions of glucosides, which, m the digestive tract of the animal, 
may be broken down by enz>mes of the forage itself to yield free 
prussic acid m toxic amounts Young forage of these species and 
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also forage following wilting or after a severe check of growth, as 
from frost, is more dangerous than other samples. Cattle and sheep 
are especially susceptible to damage from such forages and may, 
die very quickly after eating them. 

Most of the cases of toxic nutrients or feedstulfs seem to be 
associated with one or another of four mineral elements. Molybdenum 
is entirely a forage problem. Forage raised on some soils carries 
enough molybdenum to interfere with utilization of dietary copper 
by the animal. This effect appears to be its only association with 
toxicity. It is not required by the animal, and in the presence of 
adequate copper is readily eliminated without any harmful effects. 
With inadequate copper, ingested molybdenum replaces some phos- 
phorus in the bone complex, leading to thin and fragile bones; but 
most of the toxic symptoms are those of copper deficiency. The 
antidote is an increased copper intake. 

Selenium is another mineral element that in certain geographic 
regions becomes a nutritional problem. Both the forage and the 
seeds from the plants grown on selenium-containing rocks are dan- 
gerous as livestock feeds. In South Dakota, Montana, and Wyoming 
there are rather extensive areas of shale soils that contain dangerous 
levels of this mineral element. Ingestion of selenium causes alkali 
disease, sometimes also called blind staggers and bob-tailed disease. 
One general characteristic of early clinical symptoms is a loss of 
hair from the mane and tail of horses, the switch of cattle, and 
the body hair of swine. Many severely affected animals die or have 
to be destroyed, although it removed soon enough from the hazard 
areas they may recover. 

From the toxicity standpoint the mineral clement most likely to 
be a problem in concentrate mixtures is Fluorine. Here we have a 
substance that some believe to be a desirable “nutrient" in small 
amounts (of the order of 1 p.p.m. of the dry diet), but whieh when 
ingested in larger amounts (of the order of 30 p.p.m. or more) may 
show definite clinical evidence of toxicity. Species differ somewhat 
in their tolerance to fluorine intake. We do not have to be much 
concerned with the ffuorinc content of concentrate feeds that arc by- 
products of plants, since plants that pick up fluorine from the soil 
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concentrate it more in their leaves than m their seeds Thus the feeder 
should give some attenuon to the fluonne content of forage m areas 
that may be contaminated, but far mote important he should know 
the fluorine content of mmeral supplements, particularly those that 
are used to supply phosphorus Fluorine is a likely component of 
all rock phosphates that are used for livestock feeding, and fluorine 
IS also found m feeding bone meals In the case of bone meal the 
fluorine content appears to be increasing with time, probably because 
of the fact that more and more livestock from which the bones are 
derived have been fed fluorine-containing phosphates in the course 
of their lives Thus meat animals that can tolerate for fairly long 
periods of time a high fluorine content often receive rations m which 
the phosphorus is provided in fiuonne-contaming rock phosphates 
There may be no particular economic damage to these animals, 
but their bones eventually find their way into feeding bone meal, 
and thus animals that are fed bone meal as a source of calcium and 
phosphorus receive, occasionally, undesirable amounts of this toxic 
element 

There has, as yet, been no defense found against the harmful 
effects of the ingestion of excess fluorine and, consequently, the only 
safe course is to avoid its presence m the ration 

The Arsenic problem is usually one of accidental ingestion except 
for the use, principally with poultry, of medicated feeds or supple- 
ments where an arsenic compound is sometimes one of the matenals 
employed Some aiscnicals have been found to have antibiotic-hke 
effects in growth stimulation of young animals 

No definite discussion of food toxicity is m order m this book 
and the comments above which arose out of an attempt to define 
toxicity in applied nutrition are more by way of illustration than of a 
guide to the animal husbandman The feeder should be aware of the 
possibility that some feedstufis may under some conditions be cor- 
rectly classed as toxic in the sense here used 
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The Proximate Analysis of Feeds 


FOR A considerable number of nutrients that are required by 
animals there are direct chemical procedures from which we can 
establish the potency of foodstuffs with respect to these nutrients. 
Such data present no particular problem insofar as the use we can 
make of the figures is concerned. 

There are, however, a number of cases in which we isolate feed 
tractions chemically, but where these fractions are combinations of 
nutrients that have some common property permitting a chemical 
analysis of the group. The nutritional significance of such nutrient 
groups is dependent on a number of factors that ate not indicated 
by the figure representing the proportion of the feed comprising the 
group. For example, the several feed fractions separated by the 
proximate analysis are in all cases combinations of nutrients and 
consequently, of varying nutritional significance. 

The proximate analysis is probably the most generally used chemi- 
cal scheme for describing fecdstuffs, in spite of the fact that the 
information it gives, in many instances, may be of uncertain nutri- 
tional significance; if, indeed, it is not misleading. We should, there- 
fore, consider in some detail the nature, the peculiarities, and the 
limitations of the proximate analysis as a description of the nutritional 
properties oC feedstufis. 

This scheme of analysis was devised by workers at the Weende 
Experiment Station in Germany. According to it a feedstufi is par- 
titioned into six fractions as follow's: 


25 
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Water 

Ether extract 
Crude fiber 
Nitrogen free extract 
Crude protein 
Ash 

When a chemist is asked to run a standard feeding stuffs analysis 
on a given food he proceeds to deiermine, chemically, five of these 
proximate principles The last one, nitrogen free extract, he then 
determines by difference The sum of the crude fiber and the nitrogen- 
free extract represents the total carbohydrate of the feed 

This plan of description groups together a variety of substances 
based largely on some common chemical characteristics It is not, 
as is sometimes erroneously supposed, an analysis of the nutrients 
of the food Each of the components except water, represents a 
combination of substances some of which are nutrients or com- 
binations of nutrients, and some of which are not of any nutritional 
value to the animal at all 

Wafer 

Water, the simplest of all substances m foods, is not the simplest 
to determine Usually it is recorded as the loss m weight of a sample 
after oven drying to a constant weight at atmospheric pressure and 
at a temperature )ust above the boiling point of water For many 
biological products such as feeds and the excreted feed residues, 
such drying results in a loss of volatile fatty acids, and of some sugars 
that decompose at temperatures above 70°C Such substances will 
obviously be counted as water 

Drying at lower temperatures in vacuo helps in some cases but 
necessitates vacuum ovens Such ovens are usually of relatively small 
capacity, which may be a problem if much routine work is involved 
The direct determination of water is often done by distillation, 
using toluene as the product immiscible with water The distillate 
IS received m a calibrated sedimentation tube with a side arm that 
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returns the medium to the distilling flask while the water is trapped 
in the calibrated tube. An apparatus for a continuous extraction of 
water and fat from biological materials was designed in the Depart- 
ment of Nutrition, Macdonald College (see Fig. 2-1). 

The significance of the water content of feeds depends on the 
kind of feed and the amount of water. The greatest difference in 
nutritive value between many feeds, as fed, is traceable to differing 
moisture content. For example, using Total Digestible Nutrients 
(TDN) as a measure of overall energy value, the cereal grains and 
some of the tubers show almost the same feed values per unit of 
their dry matter content. 

Energy value (TDN) 

Food % Water As eaten ' Dry matter basis 


Corn 

10 

80 

90 

Barley ' 

10 

77 

85 

Oat meal 

10 

70 

78 

Melons 

94 

5 

80 

Potatoes 

79 

18 

85 

Sweet potatoes 

68 

26 

82 

Sugar beets 

87 

10 

77 

Apples 

82 

13 

74 


Dry matter, therefore, becomes a common denominator for the 
comparison of foods, particularly as to energy value. This applies, 
however, to all other nutrients. 

Note that it is customary to report the proximate principles on a 
moisture-free basis in tables of food composition. Moisture is then 
given separately for any further information that it alone conveys. 
This plan is not always followed, and you must be sure in making 
comparisons between feeds in nutrient content that the figures are 
expressed on comparable bases insofar as moisture is concerned 
The problem of food storage is complicated by high moisture 
content. Foods carrying more than 14 per cent moisture cannot be 
stored in bulk. They arc likely to mold, and spontaneous combustion 
may also lake place. The problems of moisture content in relation to 
storage arc serious in the case of some grains. Com grain, for cx- 
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ample, is officially graded on the basis of moisture content. The 
grade of shelled com, its water content, and its feeding value as 
indicated by TDN is shown in the following table: 


Grade of shelled 

Per cent 


com 

water 

TDN 

1 

12.8 

'823' 

2 

14.8 

80.6 

3 

16.5 

79.0 

4 

18.8 

76.8 

5 

21.5 

74.2 

Soft 

30.5 

66.7 

Moisture content in 

newly harvested grains 

is also likely to be 


higher than that which will be found in the same feed after several 
months storage in bams or elevators. Sometimes the change in 
moisture content is a factor complicating the estimate of the quan- 
tity of farm grain on hand. It one takes the initial value as the 
basis of calculation he is likely to find a shrinkage of at least 5 
per cent in moisture during the course of a winter storage and may, 
consequently, over-estimate the feed available. 

The relative cost of food per unit of nutritional value frequently 
involves the consideration of water, since water is not a nutnent in 
the usual sense. Thus, sometimes grains or gram by-products are 
offered for sale at what appear to be bargain prices, but which, on 
investigation, show that these samples are high in moisture content 
and that the price per unit of dry matter is no particular bargain 
after all This situation arises with such feeds as brewers’ grains and 
distillers’ grains, or other products that, in the process of manu- 
facture have been wet and must be dried by artificial heat. The cost 
of drying is considerable, and when the material can be sold in a 
partially dried state it can be reduced m price. 

The moisture content of forages that are to be preserved by en- 
siling is also of some importance, since it affects the ease with which 
ensiling can be effected. For grass silages the newly cut forage must 
frequently be wilted to reduce the moisture content to about 70 
per cent On the other hand, more mature forages often require the 
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addition of water during the ensiling process in order to facijitale 
the packing needed to exclude air from the mass 

One further problem that is related to moisture content is that 
of dustiness often encountered when excessively dry feeds are ground 
in preparation for feeding Animats universally dislike dusty feeds, 
and, consequently, rations prepared from ingredients that are powdery 
m nature are eaten less readily than others of more granular compo- 
sition Very dry gram and such products as alfalfa tend to produce 
an excessively dusty ration, which may be partially relieved by adding 
small quantities of water, or by steaming, or by feeding the product 
as a wet or moistened mash Another corrective for dusty feeds is 
the addition of such a product as molasses, which tends to cause 
the dusty particles to stick together and destroys their objectionable 
nature 

Quite aside from all we have said above concerning the significance 
of water m feed, we should not forget that though not counted as a 
nutrient, water is nevertheless a dietary essential, and its amount in 
relation to caloric intake is perhaps more critical than with most 
other nutrients The quantitative requirements for water are discussed 
m another section, but we want to point out here that the first re- 
sponse of the animal to a restriction of water intake is a restriction 
of voluntary food intake This may amount to as much as 25 to 30 
per cent restriction m food consumption and a similar decline in the 
efficiency of the feed as measured by the gam made per unit of feed 
eaten Consequently, the water content of feeds, particularly those 
that are normally high m water, such as sdage, fluid milk, pasture 
forage, roots, etc , is an important consideration in their feeding 
value and in the overall requirement of the animal for water Water 
that IS not supplied with food must be supplied from some other 
source, and some ioods owe their chief nutntional properties to 
their water content 

On the other hand, forcing animals to consume too much water 
may limit their intake of nutnents because of the limited capacity of 
the digestive system Thus, we find that milk as the entire diet of 
animals past weanmg age is so bulky because of its water content 
that they are unable to consume as much of other nutrients from the 
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dry portion of the milk as they would otherwise take, and, conse- 
quently, they do not grow as rapidly as other animals not forced to 
take such a bulky diet Much the same situation may occur in the 
slop feeding of pigs if the meal-water mixture is made too thin and 
of food so fine that it stays in suspension 

Feeding standards do not include the water requirement for ani- 
mals, and this is perhaps an omission that should be corrected One 
reason for the omission is obviously the difficulty of stating the water 
requirement for specific animals, inasmuch as it differs with the 
composition of the animal s diet 

In the absence of any better information the approximate water 
that should be provided as beverage, where it is impossible to furnish 
water ad hbitiim. may be calculated from the caloric requirement 
The digestible calorie intake for any animal is not far from one 
hundred times the body weight raised to the three-quarter power 
where body weight is expressed in kilograms [100 (IF )] The 
quantity of water to be provided as beverage is, for average con- 
ditions, about one millditre for each three Calories calculated from 
the above formula, i e (33 (IF-)] The balance of the day s water is 
provided by metabolic water and that which is contained as free- 
water in the foods eaten 


Ether Extract 


In most cereals and animal products used for food the fat or oil 
obtained by expression is practically the same chemically as that 
extracted by ether It consists of 


Glycerides of fatty acids 
Free fatty acids 
Cholesterol 
Lecithin 


Chlorophyl 
Alkali substances 
Volatile oils 
Resins 


The chlorophyls, alkalies, volatile oils and resms are not classed 
as nutrients but are, nevertheless, found in the ether ^ 

The ether extract will differ m composition among differen foods, 
and It may be quite unlike fat or fatty oil In particular, ether ex- 
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tract from different feeds will likely differ m sterol content, and 
since this has no energy value it will affect the energy value of the 
product For all practical purposes the food value of ether extract 
will be more nearly conelated with its content of neutral fat than 
With any other component, barring possibly a few products such as 
alfalfa m which the Vitamin A content is of particular importance 
Thus we must remember that the food value of ether extract is 
not constant, m spite of the fact that in practice it has been taken 
as yieldmg 9 35 Calories of gross energy or approximately 9 Calones 
per gram of metabolizable energy as consumed m the diet 

The useful energy of dietary ether extract is its gross energy minus 
that found m the subsequent fecal excretion (le , the loss m diges- 
tion) However, when feces are extracted with ether, soaps that may 
have been formed m the intestinal tract from free fatty acids and 
calcium will not be removed This incomplete recovery of the feca! 
fat gives erroneously high values for the digestibility of the ration fat, 
particularly m practical diets containing relatively high calcium 
content 

Estimates of ether extract in feeds may be made either by weigh- 
ing the extracted material after evaporating the solvent, or alternately 
by recording the loss m weight of the moislure*free sample following 
Its extraction by anhydrous ether The second method makes it pos- 
sible to employ a multiple sample extraction procedure The samples 
are weighed into Alundum cruabJes, oven-dned, re-weighed, placed 
m groups in the extraction chamber, extracted, and again weighed 
following extraction of the sample The samples, without transfer 
from the extraction crucibles, can then be ignited in a muffle furnace 
for the determination of crude ash This procedure, unless very exact 
values are necessary, is probably preferable to the extraction of 
single samples by standard Soxhlet procedures 

The fat content will be the major factor m causmg differences m 
the gross energy of vanous foods and feeds, because carbohydrate 
matenals and protein tnatenals yield somewhere m the neighborhood 
of 5 Calones per gram, while the ether extract yields a little over 9 
Calories 
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Nutritional Significance of Ether Extract. The nutritional signifi- 
cance of ether extract in the diet is a matter on which there is still 
some disagreement. To the extent that it is normally the source of the 
essential fatty acid (linolenic) it is admittedly indispensable. How- 
ever, an animal requires only a matter of a few grams of ether Mtract 
from most feeds to supply all of the necessary linolenic acid Other- 
wise, many authorities believe that the only function of this fraction 
of feeds is as a non-specific source of energy. 

Deuel * however, has reviewed the recent evidence on this ques- 
tion and has arrived at the conclusion that dietary fat per se has 
specific nutritional functions quite unrelated to essential fatty acids 
and in addition to its function of providing calories in concentrated 
form. There can be little doubt that the addifion of fats to many 
diets or rations lowers the specific dynamic action of such diets and 
hence results in a greater energy efficiency of a given calorie intake. 
In other words, the higher efficiency of fat calories appears to be the 

result of a reduced heat loss on the higher fat diets 

Deuel summarizes his conclusions as follows; It is as yet a mom 
question whether the beneficial effects of fats, nutritmnwise, are to be 
ascribed solely to the EFA (essential fatty acids) which they contain, 
or whether triglyceride fats have a specific nutritive value per se^ 
The beneficial effects of high fat diets on pregnancy, lactation, and 
possibly on growth can probably be largely, if not entirely, ascribed 
I their EFA content. On the other hand there is no positive evidence 
that the improved caioric efficiency resulting from the associative 
dynamic effLs, or the sparing action of fats on certain phases of 
protein metabolism are necessarily functions of EFA. Some of ffie 
Lneficial effects of fat are undoubtedly « be traced to ‘he establish- 
ment of definite enzyme patterns when high fat diets are consumed 
over an extended period. ...» may be that increased capacity or 
work, noted in rats receiving high fat diets, is a reflection of the 
establishment of such new enzyme patterns. 

The lipide content is of importance in the se ection use of 
feeds. For example, the bulkiness of whole milk is compensated for 

. Proc. Fed. Am. Sac. for Exp. Biol.. V. 14, p. 639 (1955). 
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by the high energy of its fat content Without this component, milk 
would not be useful as the early diet of the mammal Us bulk with 
relation to the capacity of the digestive tract would make it impos- 
sible for the young animals to consume enough energy for their early 
growth needs 

As we shall see later, oilmeals prepared by heal and pressure may 
contain up to 10% fat, and as a consequence their TDN is some- 
times hi^er than that of basal feeds The effect of more complete 
removal of the oil, as by solvent extraction, on their available energy 
yield is indicated in Table 2-1 


TABLE 2-1 Effect of Fat Removal on TDN of Otlmeal Feeds 


Feed 

Preparat on 

% Fo> In meol 

TON of meal 


Hone 

17 

86 


Expellar 

6 

83 


SoKent 

14 

78 

Linteed 

None 

36 

to? 


Cipetler 

6 

78 


Sol'^ent 

3 

72 

Peanut 

Etpelfer 

8 

82 


5ol*en» 

14 

74 


It IS the fat portion of feeds that is the most unstable This fea- 
ture makes the storage of high fat feeds a problem Rancid feeds are 
objectionable, because they have usually lost appreciable quantities 
of such nutrients as Vitamin A or its mother substance carotene, and 
may also have suffered oxidative destruction of some of the essential 
fatty acid In addition the chemical changes may have caused the 
formation of undesirable substances such ax ammax FuxtbAr.TO/ 3 ,K, 
the rancidity may proceed to the point of healing and the actual com- 
bustion of the feed The greater the degree of unsaturation of the 
fats present the greater the danger from this damage All plant oils 
arc subject to easy rancidity 

These fatty materials as they occur in the seeds of the grams are 
quite stable, but if the gram is ground the lipases are likely to be 
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activated by the heat and moisture of the process and the fatty frac- 
tions then quickly become rancid. 

Fat-free or even very low fat-contaimng rations are frequently 
found to be less acceptable to animals than those of greater fat con- 
tent. Just where this fat level should be set in this connection is no 
by any means clear and probably depends, in part, on species of 
aLal as well as age, and perhaps on conditioned preference In 
studies at Macdonald College Nutrition Department 
sequences of the fortification of low-fat rations (less than 2% e her 
exlact) with up to 20% of some 9 different 

young pigs weaned at 10 days and puppies weaned at 14 to 21 days 
Lrned to eat from self-feeders diets that carried 7% of fat or over 
more quickly than they did the 2% fat control diets Young guinea 
mote however, did not show this preference. 

— >”'■ ” r t 

diets, the effects of the fat additions were largely traceable to the 

oreater enercv value ot the mixtures. _ 

The obsemtion that animals accustomed to a com ration show 
a dUlike for its replacement by barley but not by oats, while the 
L se is not true, has led to the general belief that the low fat of 
reverse is noi , This is no doubt a conditioned 

SrSe^ceTor animals that have been raised on barley rations con- 
Tme vdlumarily as much of these rations as do comparable animals 

r bt d noting .hat some feed manufacturers prefer 

I readv-to-feed mixtures with Vitamin A through the 

to fortify the y 

use ot low „.herwise inclined to be dusty, 

tures that, w „{„iness of ether extract obviously depends in 

^ J. ® “e'extent to which it is dtgested. and while neutral fats are 
part on 'he ex of 90 per cent, this may not 

normally dige t d assumption that 

: H^O^arSlorfes per gram ot potential energy found in fats of 
of the P-35 approximately 9 Calories is available 

ofbody'm<=.abolism cannot be safely applied in the case of ether 
extract Obtained from feeds typical ot animal rationing. 
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The problem is 
oj disesiibility of 


clearly illuslralcd in a tabulation of the coefficients 
ether extract for a few animal feeds (sec Table 


2 - 2 ) 


TABLE 2-2 Coegiaents of Digesilbiluy of the Ether Extract of 
Certain Feedstuffs 


Cotffiel»n1 of d B«t b ! fy 


Feadiluft 

Ot - 

/O 

Ether e>tro<t 

by eotlle 

% 

by twine 

% 

AlfaKo 

t 8 

36 

14 

Barley (gro n) 

1 S 

60 

44 

Brcwcri gram 


89 

60 

Com (gre n) 

40 

87 

46 

CoHameed meal 

102 

92 

90 

Tih meal 

7A 

97 

81 

Horn ny feedi 

77 

96 

“ 

Umeed olmeal 

64 

89 

62 

Mlk 

46 

100 

97 

Oats (gra nl 

34 

82 

82 

Soybean a Imcat 




(expeller) 

64 

84 

— 

(solvent) 

1 2 

3B 

5B 

Tonkage 12% fat 

119 

100 

96 

2% fot 

20 

— 

73 

V/heot 

1 8 

— 

80 

Wheat bran 

50 

62 

58 


There are several factors that affect the djgestibility figures of ether 
extract the first of which is the fact that we ate deahng with apparent 
digestibility rather than the true digestibility By definition the ap- 
parent digestibility of a nutrient is the percentage of the intake that 
IS not recoverable in the feces With ether extract the problem is 
complicated by the fact that some ether extractable matenal is syn- 
thesized in the digestive tract presumably by microorganisms, and, 
consequently, appears m the feces It is designated metaboUc fecal 
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fat Obviously anything tliat increases the fecal fat is reflected in a 

lowering of the apparent digestibility coefficient for that nutrient 

This proportion of fecal fat may be an appreciable value, particula ly 

,n the case of low fat intakes To the extent that metabolic fecal f^ 

IS of bacterial origin and perhaps synthesized initially f™” 

carbohydrate rather than dietary fat. there is an error in the usual 

^ r. ciamiicnnce of digestible ether extract 

assumptions concerning the signincance y 

(Low fat diets often give negative digestibility because of metabolic 

A second factor influencing the apparent digesUbility of ether 
extract is the proportion of neutral fat in the ether extrac consumed 
This IS highly variable between different feeds, particularly if the 
feeds are Lghages. where the neutral fat component of the ether 
extract may be relatively small Most of the oflier 
are non digestible, and. consequently, the apparent digestibility of 

ether extract becomes a low value 

Schneider has examined the digestibility coefficients of somethmg 
over twenty thousand digestion trials and from 
mined partial regression coefficients that can be used to predict the 

«efficmnt of digestibility for ether extract of feeds where the proxi- 
coemcient o g prepared partial 

mate analysis of ffiat fc d rs 
regression coefficients tnai cau 

for oredicting probable digestibility of ether extract 

The equatfon for calculating the probable coefficient of digestibility 
ofldier extract of a specific sample of a concentrate feed where the 
aler je dTgesUon coefficient ,s known and the proximate composition 
of the feed is also known, is as follows 

y = F- 1 399 (x.-S.) + 1706 (Xa - 2 s) + 17 317 (x. - 

In this formula T is the apparent digestibility of ether extract and L 
IS ffie average digestion coefficient for fat of the feed in question as 
the averag g composition and digestibility The values 

and m resp ctively. also taken from a tabk of food composition for 
r/eed in question The values x,. Xa. and x, are the co^espond.ng 
percentages of crude fiber, nitrogen-free extract, and ether extract 
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from the analysis of the particular sample that is being investigated 
The numerical values in this equation arc the partial regression coeffl- 
cients applicable to the three proximate principles with which we 
are dealing 

As an example of how this formula works let us calculate the 
probable percentage digestibility of the ether extract of a sample 
of barley showing the following composition crude fiber 15 ‘7c, 
nitrogen free extract 64%, ether extract 3% The average digestibil- 
ity of the fat of barley gram fed as the sole ration to swine, taken 
from Schneider’s Feeds of the World* is 44% and the average crude 
fiber, nitrogen free extract, and ether extract figures are 10 7%, 
66 6%, and 1 9%, respectively Solution of the equation is as fol- 
lows 

y 5= 44 - I 399 (15 0 - 10 7) + 1 706 (65 0 - 66 6) + 

17 317 (30- 1 9) 

y = 54% 

This example illustrates how the proximate analysis affects the 
apparent digestibility of ether extract In this particular example 
differences in ether extract in the sample m question as compared 
to the average for all feeds of that class arc particularly important m 
affecting the apparent digestibility of the ether extract 

No small portion of this change in apparent digestibility of ether 
extract is traceable to the indirect effect of metabolic fecal fat, which 
presumably is a constant Consequently, as the percentage of fat 
inherent in the feed increases the relative effect of the metabolic fecal 
fat becomes smaller, and the apparent digestibility, therefore, in- 
creases Students of di^stibihty have failed to stress this effect of 
metabolic fecal fat on the apparent digestibibty and, hence, on the 
presumed avaifabfe portion of the dietary fat, and only recently has 
It become recognized as an important consideration m the calculation 
of the available energy of a feedstuff 

We now realize that the use of a figure such as 9 Calones per 
gram of useful energy from dietary fat m animal feedstuffs is likely 
to be quite highly erroneous Even with feeds m which the ether 
* Feeds of the World JarreU PrinUng 0> Charleston W Va (1947) 
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extract is largely neutral fat, the apparent digestibility is oftentimes 
much below the assumed 90% or more on which the human dietary 

cirSr^ar"^^^ o“ ^Di.estible Nutri- 

cuts is open to is. there- 

The si^i ° j, not the fact that most feedstuffs 

Ir’rSveiriow in ether extract, the P^^lem of the evaluation 

otfeedingvaluevm^^-™^^^^^^^^^^ 

Schneider nossfble to predict probable digestibility of 

:i“"r7,s.:;r<r.h» ,»» .» » 

data avarable provided we can determine the proper category m the 
data availaDie, pr .„nt under question. Let us suppose, for 

feed classification ^ -i. very light weight immature frosted 

example, that we have a sample oj v«y h h 

barley. Let us J^ tave in the way of chemical 

done with this pro u , ,ysis. The equation proposed by 

description is ‘he prox.mate analyst^ q 

y = C + bzXz + bzXz + b^X^ 

we may assume that our sample an^yaes: crude fiber 15%. ni.ro- 
fibres inserted is as follows: 
y = -162.9 -b 3.240 (15.0) 4- 1-946 (40.0) -1- 16.204 (2.0) 
y = -1.9 

.. is a sliehtly negative value for the prob- 

Here is a case ^ha^ * j ® extract. We find this situation 
able apparent d^esttol y ^ 

occasionally, and agai j,igh crude fiber 

fecal fat. One wou digestibility -of the dietary ether 

had probably depre recovered in the 

extract and, consequently, most oi 
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feces, to which has been added the metabolic fecal fat, so that the 
sum total recovered is greater than the intake, and we, therefore, 
obtain an apparent digestibility that is negative 

The question of what to do with negative coefficients of digestibil- 
ity of ether extract is one on which there is no agreement among 
present investigators If the metabolic fecal fat were synthesized by 
microflora from dietary fat, the problem would be somewhat simpler 
It seems probable that the metabolic fecal fat is synthesized from 
carbohydrate more than from fat, and, consequently, no accurate 
correction seems possible, and perhaps the common solution of 
assuming that the digestibility coefGcient should be zero is the most 
satisfactory and practical one, especially for livestock feeds where the 
amount of fat in the diet is low to begin with. 

Crude Fiber 

Unless otherwise specified, crude fiber refers to the residue of a 
feed that is insoluble after successive boilmg with dilute alkali and 
dilute acid in accordance with the procedures originally proposed by 
the Weende Expenment Station and officially recorded in the pro- 
cedures of the Association of Agricultural Chemists The question 
of the definition of crude fiber is of some importance because of the 
many procedures that have been proposed as improvements m 
the original Weende Crude Fiber Method These modifications give 
values for crude fiber that differ from those of the Weende pro- 
cedure The chief difference is usually that the residues contain more 
of the lignm, and hence the total values arc larger than m the ong- 
inal method 

The biological and hence nutntional significance of the crude fiber 
figure IS far from clear and certamly is not precise Crude fiber is 
the portion of the total carbohydrate of a food that is" resistant to 
the acid and alkali treatment mentioned above, and the original 
supposition was that it therefore represented an indigestible portion 
of the feed We have since learned that the Weende crude fiber may 
be a misleading index of the overall digestibility of a feed, for the 
simple reason that in an appreciable number of cases the crude fiber 
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itself IS as highly it not more highly digested than the soluble carbo- 
hydrate usually referred to as Nitrogen-free Extract 

The following data calculated from Morrison’s tables of feed com- 
position* and digestibility illustrate this situation 

% of cases where the fiber is 
digested by ruminants as com- 
pletely as IS nitrogen-free ex- 
tract 


Class of feed 
Dry roughages 
Green roughages 
Silages 
Concentrates 


Total cases 
recorded 

m 

61 

25 

90 


39 

20 

28 

10 

25 


Weighted average 287 

The reason for the relatively high digestibility of crude fiber by 
ruminant animals fies in the fact that the largest component (perhaps 
95%) of crude fiber is cellulose, and we know that the micro- 
organisms of the rumen are able to break down cellulose for their 
own needed energy, and that in the process they produce acetic acid 
(and some butyric and propionic), which is absorbed from the 
rumen and supplies energy to the host What many do not realize 
so fully IS that much the same situation holds true with species 

Other than the ruminants , -t_ 

It may surpnse some to note the extent to which crude fiber is 
digested by a variety of species The rations would be those typica 
of the species cited, and thus the levels of crude fiber in them will 
not be the same for all species The data do not mean that un- 
limited quantities of fiber can be digested to the extent shown, nor 
that there is no optimum level of ration fiber for any given species 
We can see from the above data that the digestion of cellulose, 
and hence of crude fiber, is often of sufficient magnitude to neces- 
sitate Its consideration m estimating the energy value of foods in the 
diet 

Another reason for considering crude fiber is because it is corre- 
lated with the bulkiness of a feed, especially when the feed is ground 
As we shall see later, bulkincss of ration is an index of available 
• Feed, and Feed, ns (20lh Ed ). The Mormon Publishing Co , Ilhncn, N Y 
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Species 

Where digested 

of contained 
crude fiber digested 

Ruminants 

rumen 

50 90% 

Horse 

caecum 

13-40% 

Pig 

caecum 

3 25% 

Rabbit 

caecum 

65-78% 

Rat 

caecum 

34-46% 

Dog 

caecum 

10 30% 

Man 

small and large 

25 62% 

Poultry 

intestine 

caecum 

20 30% 


energy value, and hence of feeding value Bulkiness is one index 
that the feeder himself can use for predicting the relative feeding 
values of certain feed mixtures 

The physical role of crude fiber m a ration cannot be overlooked 
The indigestible residue of feeds of plant ongin is largely crude 
fiber Thus it is material of this nature that gives to rations their 
physiologically effective bulk The normal penstaltic movements of 
the intestinal tract are dependent, in part, on internal distention, 
which IS furnished by food residues that have not been attacked by 
the digestive agents or that, though attacked, have not yielded ab- 
sorbable fractions 

Some such residues are hydrophylic and by their water holdmg 
capacity help maintain a moist soft condition of the fecal mass, 
and thus facilitate its easy passage through the large bowel In par- 
ticular, hemicellulose residues appear to be hydrophylic and probably 
owe some of their laxative properties in mono gastric species to 
this characteristic 

In other cases the crude fiber residue” appears to be attacked 
by microflora with a resulting formation of gas, some of which is 
not absorbed The result is an increase m fecal mass due to entrapped 
gas This extra bulk may stimulate peristalsis The bacterial action 
also results m the formation of free fatty acids and it has been sug- 
gested that m the mono gastncs these fatty acids in the large bowel 
are imtants that stimulate penstalsis 

Probably the fiber of some foods is of such a nature that it is 
physically irritating to the point of being objectionable or even 
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actively hannful. Thus the diarrhea that they maiy cause initialiy may 
be followed by constipation from excessive boVvvel constriction, as in 
spastic colonic conditions. 

Herbivora are largely unaffected by th'e physical nature of the 
ration crude fiber, perhaps because the organisms that attack it 
normally produce absorbable fatty acids in the one case, and the 
provision, through belching, of a means of voiding gases, which in 
other species must pass through the largo bowel with the fecal mass. 
Bulk of ration with the herbivora is, of knore importance as an index 
of available energy value than because of possible laxative properties. 


Nitrogen-Free Extract 


In order to understand clearly ttie nature and makeup of the frac- 
tion of a feed designated as'.nitrogen-free extract, we should first 
consider total carbohydrate. Carbohydrates are a group of substances 
formed by photosynthesis in the, plant and containing carbon, hydro- 
gen and oxygen with the last 'two in the proportions of water. 
Carbohydrates are the chief sources of potential energy of livestock 
rations but the different members of the group differ in their yield 
of usejul energy because of differences in their digestibility, and to a 
lesser degree, to the end product they yield on breakdown in the 
digestive tract. 

The carbohydrates of foods can be listed as follows: 


Monosaccharides^ 

Dioses ■ 

Trioses 

Tetroses ; 

Arabinose - 
Xylose 
Ribose 
Rhamnose 
Fucose * 
Hexoses 
Glucose 


Mannose 

Galactose 

Fructose 

Sorbose 

Disaccharides 

Sucrose 

Maltose 

Trehalose 

Lactose 

Trisaccharides 

Raflinosc 
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Polysaccharides ^ 

Starch * 

Dextrin 

Glycogen , 


Mannan 

Araban 

Xylan 

Cellulose 


within this family of carboK-ydrates there are a few which may 
have some specific nutritional ' function other than as sources of 
energy For the most part, hom'ver, the sugars (i e , Mono-, Di-, 
and Tri-saccharides) and the “stanches" (starch, dextrin, glycogen), 
on digestion, eventually yield blood sugar (glucose), and accord- 
ingly are often classed together as” one “functional" group. The 
polysaccharides also include xylan, a.-aban and mannan which are 
sometimes classed as hemicelluloses. Tlemicelluloses, together, with 
cellulose, ate found as principal pacts of the plant cell wall structure. 
Lignin, though not itself a carbohydrate,^ forms a physical combina- 
tion with cellulose often referred to as lignocellulose, and thus 
IS considered in nutrition with the true carbohydrates. Foods of 
plant origin usually contain a combination of most of these four 
kmds of carbohydrates. 

The above classification of carbohydrates, based on chemical 
structure, is not as useful m applied nutrition as is one that groups 


CHART 2-A Functional Grouping of the Carbohydrate of Feeds 


Principal U<«fvl End > 

Group Product of Digeilion Importaif Nutritional Funetionj 


Swears and Slarchei 
Hemicelluloie 

Cellulose 

2) Chief compe tt of rotion bulk 

3) Source of rgy for cellulose-feeding 
microflora of ^stive troet 

1) Inhibits microlt i "digestion' of cellulose, 
hence costive 


Sugar 1) Non-specific end highly digestible source of 

energy via R^ruvic acid 

AceticAcid 1) Non specific inergy via acetyl phosphate 

2) Stimulant to iRestinat peristalsis (hence laxa- 
tive to monii^ostrics) 

Acetic Add tj Non speciRci tergy vio acetyl phosphate 




None 
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them on a “functional” basis Such a grouping is indicated in Chart 
2-A 

The Weende scheme of proxrnate analysis separates these four 
functional groups of carbohydrates into two categories crude fiber 
and nitrogen-free extract The makeup of these two fractions will be 
apparent from Chart 2-B, which gives the effects of the crude fiber 
procedure on a dry, fat-free feed sample 


CHART 2B Lfjects of the Weende Crude Fiber Procedure on 
Fat-Free Food 


Cenitituent 

Bo ling With 

1 75% HiSO. 

Subsequent bo ling with 

1 35% NaOH 

Prote n 

Starches and sugars 
Cellulose 

Hem cellulose 

Ugnn 

partial extraction 
hydrolysis and extraction 
slight 

variable extraction 

slight 

complete extroclion 

si ght 

extensive but variable extract on 
extern ve but highly vorlable extract on 


In this chart note that the sample contains protein, starches plus 
sugars, cellulose, hemicellulose, and lignin (The ash may be dis- 
regarded here ) We shaU consider that the last tour items constitute 
the total carbohydrate Also, since all of the protein is dissolved 
by the acid-alkah treatments, it, too, may be disregarded for the 
present It will be evident that any insoluble materml remaining after 
the boiling will be carbohydrate, and will be made up 
of the original cellulose. (2) vanable proportions of 
lose, and (3) a small, though again highly vanab^, proportion of 

the hgnin These three together constitute crude fi er 

... we see that mtrogen-free 

Indirectly (that is by dihe ) 

extract is a mixture t r all f,,, 

P us some hemice ose a between the ongmal weight 

mtrogen-free extrac is ‘he d.ffe^ 

0 the sample and le su determined by their appropri- 

nide protein, cruc fi . • affected by the chem- 

ate analyses Thus ts numerical value 
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icil errors m the amlyses of all five of the separate fractions, as 
well as by the hek of prcciMon of the crude fiber procedure m accu- 
rately separating the functional calcgones of the carbohydrates 
Nevertheless, nitrogen free extract is a practically useful index of 
the non-cellulose portion of feed carbohydrates, and is primarily 
a non-specific source of energy to the animal Its digestibility is 
variable, though ordinarily a iittle higiicr than that of the protein, 
fat, or crude fiber of the same feed Some idea of the differences in 
digestibility of these proximate fractions, as well as of their variability 
between feeds is indicated by data taken from Morrison’s* tables of 
feed composition 


TABLE 2-3 Discsiibihty of Protein, Fat, F iber, and Nitrogen Free 
Extract of Typical Roughages ond Grams 


F«tdsfuff 

Prole n 

Pol 

■ai 



% 

% 

% 

ej 

Alfalfa 

72 

33 

41 

71 

Clover 

59 

58 

51 

69 

T mothy 

46 

48 

51 

58 

M xed Kayt 

50 

47 

61 

63 

Average 

57 

47 

50 

65 

Barley 

79 

80 

56 

92 

Corn 

76 

91 

57 

94 

Oals 

78 

88 

38 

81 

Wheal 

86 

63 

90 

95 


80 

86 

60 

91 


On the basis of these figures one might estimate that nitrogen free 
extract from dry roughages will yield to an animal about 3 Cals , 
and from dry concentrate feeds about 4 Cats per gram of digestible 
(and also of metabolizable) energy 
The importance of nitrogen free extract as a source of energy to 
the animal lies in the fact that this fraction makes up about 40% 

• Fetds and Feeding 
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of the dry weight of roughage feeds; and 70% in the case of the 
basal feeds. In general, the proportion of nitrogen-free extract in 
concentrate feeds will be inversely related to the protein content, so 
that protein supplements may have as little nitrogen-free extract as 
the roughages. 

Crude Protein 

Crude protein is the figure usually obtained by multiplying the 
nitrogen of the feed by the factor 6.25. In some cases crude protein 
is now determined by multiplying the nitrogen by some other factor, 
depending on the percentage of nitrogen that is known to be in the 
protein of that particular feed. Such special figures are commonly 
employed for wheat and for milk products, but unless otherwise 
specified we should assume that the protein content given in a table 
of feed analysis represents nitrogen times 6.25. 

From the amount of publicity that has been given to protein con- 
tent in feeds and in rations, it is not surprising that in the feeder’s 
mind protein frequently looms up as the most important component 
of a feedstuil or of a ration. Nothing could be further from the 
truth. In fact, altogether too much relative importance has been 
given to protein in practical feeding operations. 

We should not assume, however, that protein is not an important 
consideration in feeds; actually it is important for several reasons. 
In the first place, we may note that the usually accepted classification 
of feedstufis is essentially one based on protein content. Basal feeds 
are low protein feeds. Protein concentrates are high protein feeds. 
Legume roughages are higher in protein than non-legume roughages, 
and both these are higher in protein than straw. Therefore, by 
knowing the protein content of a feed we can get some idea of the 
class of feed to which it must belong, even though we do not know 
its other characteristics. 

Probably also the protein content of a feed is an indirect measure 
of its total digestible nutrients, because the protein component of 
feeds is usually highly digested as compared, for example, to the 
coarser carbohydrates. Consequently, in roughages that are high 
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m protein, we are almost sure to be dealing with roughage that is 
correspondingly lower m crude fiber Therefore such a product is 
more digestible than one that has a high fiber content and a lower 
protein content To a limited extent this same situation holds true 
with the concentrate feeds 

The over-emphasis on protein has largely been in connection with 
what has been believed to be the minimum necessary in satisfactory 
rations for livestock Before our knowledge of the great variety of 
nutrients required by animals was anything like as complete as it is 
now, practical expenence frequently was such as to lead the feeder 
to believe that additions of protein supplements to his grains, or to 
some mixture that he was previously feeding, gave improscd results 
because of the increased protein m the diet Now we know that 
when proteins are added to feeds in the form of high protein fccd- 
stufls, that in addition to protein many other factors arc also added 
to the ration We can understand why this is so when we realize 
that most high protein feeds are high in this nutrient merely because 
cither starch or oil has been removed from the ongmal product Con- 
sequently, not only protein but all of the other nutrients m the feed 
except starch (or oil) are concentrated as compared to their 
levels m the ongmal product The fact that animals use surplus 
protein in the ration quite acceptably as a source of energy has often 
been forgotten Tests, however, have indicated that when the addi- 
tion of extra protein in the form of a protein supplement has given 
beneficial effects in feeding practice, that very often additions of 
sugar to the same ration has given equally good results, thus indicat- 
ing that the supplementary feeding has been beneficial because of 
added energy rather than because of added protein The tendency 
today IS to reduce the figures believed to represent protein require- 
ments in view of our greater knowledge of the nutrients that are 
actually needed to make a raUon more acceptable 

Protein serves both as a source of energy and as an index of 
the total of the ammo acids of the feed We must recognize the 
limitations of this figure in both respects As a source of energy 
protein is subject to a loss of about 20% This is a consequence of 
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the failure of the body to “burn” the urea formed from deaminized 
ammo acids When this loss is added to that from incomplete diges- 
tion we find that only about 60% of the potential energy of a 
feed protein becomes available to the animal to meet caloric needs 
Thus it IS evident that when the ration is to be enhanced as to 
energy, protein is not the preferred source 

As a measure of the total of the amino acid complex we must 
recognize that not all proteins contain 16% of mtrogen, and hence 
this estimation from the mtrogen determination and the conventional 
factor 6 25 leads to inaccuracies of varymg degrees 
The nitrogen content of different feeds ranges from 13% to 18% 
(see Table 2-4) In general, the proteins of the oil seeds show the 


TABLE 2-4 Protein Content of Selected Foods* {Shoyvmg errors 
of estimate resulting from use of a constant factor 625) 


foed 

% N in 
prolem 

%Utn 

hed 

NX 625 

Celeuloted 

Specific 

foclor 

N X foctor 

^^heat endosperm 

175 

1 39 

87 

5 70 

79 

bran 

158 

2 45 

153 

631 

155 

ent re 

172 

2 06 

12 9 

5 83 

120 

Borley 

172 

} 68 

10^ 

5 83 

98 

Com 

160 

1^4 

96 

6 25 

96 

Cottonseed ollmeol 

189 

5 82 

364 

5 30 

30 8 

floxteed otlmeol 

189 

5 62 

364 

5 30 

30 8 

Peonwt 

183 

4 13 

25 8 

5 46 

22J 


156 

0 53 

33 

6 38 

34 

tggi meot 

160 



6^5 


Celot n 

180 

146 

91 4 

5J5 

81 2 


*Jonei D B \JiOJ< Ctrcvlor 183 (1931) 


most nnrkcd discrcpnncics from the figure of 16% On the average 
the nitrogen figures and the corresponding conversion factors to 
protein for feeds might be taken as 
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Ongm 

Oil seed proteins 
Cereal proteins 
Plant leaf 
Animal or fish 


% N in protein 
185 
17 0 
15 0 
160 


C onversion factor 
54 
59 
66 
6 25 


The solution for greater accuracy, however, is not entirely straight- 
forward In many cases it is an estimate of the apparent digestible 
protein that is needed to assess feeding value, and by definition this 
IS the portion of the protein intake not recovered m the feces But 
a part, and often a large part, of fecal nitrogen is of metabolic 
origin, to which the conversion factor for the feed protein may not 
apply Consequently, the more appropriate factor for the feed nitro- 
gen may, if applied to the fecal nitrogen, compound the final error 
m the estimate of the digestible protein The practical aspects of the 
problem may be of less importance than we might think at first 
Feeding standards and feeding experience have established with 
usable accuracy the protein levels needed m rations for various feed- 
ing situations, and the development of feeding standards for indi- 
vidual ammo acids now makes it possible, where necessary, for the 
feeder to make a more accurate adjustment of protein intake based on 
us quality than he could hope to do from any estimate made from 
nitrogen figures alone 

Thus while N X 6 25 may be a somewhat rough estimate of total 
protein and little or no estimate of us quality, it still is a reasonably 
satisfactory index on which to express the need for protein and by 
which to compound practical livestock rations with respect to this 
nutnent Quality of protein is of relatively minor importance in the 
rations of herbivorous animals, and with other farm stock the 
presence of adequate essential ammo acids can be reasonably well 
assured by the inclusion in the rations of small quantities of feeds of 
animal or marine origin, with the possible exception of rations for 
very young animals 
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Ash 

This IS the inorganic residue from the firing of a sample at about 
500°C The nutritional significance of the ash figure will depend, in 
part, on the food under consideration 

Crude ash may enable a calculation of calcium and/or of phos- 
phorus from certain products such as bone meal, or, indeed, of feeds 
of animal or manne origin with sufficient accuracy for practical use 
since the make-up of such ash is relatively constant For plant ma- 
tenals, however, the figure for crude ash has little direct nutritional 
use excepting as it is necessary for the calculation of carbohydrate 
or of nitrogen-free extract by difference, or occasionally where we 
want the figure for total organic matter The reason that the ash 
from plant materials is a poor index of any of the inorganic nutrients 
IS because the ash component of plant materials is highly vanable, 
not only in total amount but in its component parts Many foods 
are high in silica, an element that is of no nutritional value (although 
It may be a liability in such materials as the hull of coarse grains), 
but which, nevertheless, may be a factor in the total crude ash re- 
ported in the sample 

We should also note that with some types of food the ash figure 
may be much magnified because of .adhering sand or mineral material 
of that nature, as, for example, m pasture forage where soil has 
been splashed onto the forage 

Another Look at the Proximate Analysis 

The student of feeds, after careful and detailed scrutiny of the 
faults and limitations of the proximate prineiples of the so-called 
Standard feed analyMS,’ is sometimes left with a feeling that the 
whole scheme is a delusion as a useful deseription of the nutrient 
properties of feeds, and that it might better be abandoned In order 
to re-cstabhsli perspcetise therefore, we should at this point look 
ac iin at this method of feed examination 

In brooding over the fact that values for crude protein, crude fiber. 
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ether extract, etc lack the precision v-hich a chemist \sou\d demand 
m the analysis of a single technical entity, v.e have a tendency to 
forget the equally important fact that these feed fractions are not 
chemical entities but mixtures of substances that cannot be uniquely 
characterized chemically The surprising thing is that any scheme of 
chemical description of the overall nature of a feed can succeed m 
giving as practically useful a picture as does this Weende method 
For example, this analysis establishes unerringly the category m 
which a feed belongs It is an adequate guide to its fatty and/or 
watery nature and hence to its stability m storage Proper interpreta- 
tion of the figures for the carbohydrate fractions gives adequate in- 
formation as to the class of animal for which it will be most suitable 
And as a basis for determining the useful digestible or metabolizable 
energy of a feed the proximate analysis has been the cornerstone 
Indeed, the feed industry has been built on it, and our modem 
knowledge of nutntion has been supplementary to rather than a re- 
placement for It 

Our difficulty lies first m demanding something from the analysis 
that With our expanding knowledge of nutntion we think is desirable, 
but which this scheme was never intended to give, and secondly m 
our failure, because of uncritical or perhaps erroneous thinking and 
deduction to ptopetly interpret the figures this analysis yields 
The Weende analysis docs not define the nulnent content of feeds 
It IS an index of nutritive value only because the fractions that it 
isolates are correlated with some of the properties of feeds that have 
nutritional significance Consequently, it is a useful descriptive device 
m establishing the characteristics of feeds As with any other special- 
ized tool to use It correctly and to its full potential requires much 
other nutritional knowledge and judgment An appreciation of its 
design weaknesses and limitations, though often stressed in de- 
structive criticism IS more correctly assessed as an aid in making 
the full legitimate use of a scheme of feed description, which has 
broad and basic value 



The Proximate Analysis of Feeds 


53 


PROBLEMS 

1 Using a well-known feed such as com, soybean oilmeal, or wheat bran, 
prepare a table listing for each of the nutrients indicated in Chart 1-A, 
the quantity present in the feed In a parallel column list the quantities 
of each of the proximate principles contained in the same feed in such 
a way that the nutrients included in each proximate fraction are shown 
How much useful information on the nutrient makeup of the feed is 
(1) masked by the Weende analysis scheme, (2) is omitted entirely by 
this analysis? 

2 Using the combination of feeds shown as “recommended” m the flex- 
ible formula for a 15% protein swine ration (Chapter 19, page 377) 
calculate from the average DCP and TON of these feeds the DCP and 
TDN of the mixture Then, using for these feeds their proximate 
analysis, and Schneider’s regression equations compute the digestibility 
of the protein, fat, fiber and nitrogen free extract of these feeds You 
now have data from which to compute the DCP and TDN of the 
ration mixture How closely do your figures obtained by the two 
methods agree? 

3 In the 1953 N R C Swine Standard arc given examples of meal mix- 
tures for 100 lb pigs Ration No 1 contains 63% corn while No 3 
IS 83% barley Calculate for these two mixtures the % crude fiber 
How much dillcrence in the TDN of each of these rations would the 
following assumptions make, (I) that none of the fiber is digestible 
(2) that 25% of It IS digestible’ 

4 From Schneiders Feeds of the World. Table 3, prepare a list of the 
diflcrent coefficients of digestibility of crude fiber for corn, barley and 
oats which have been reported from feeding tests with swine Compare 
these in each case with the corresponding TDN figure Whn explana- 
tion can you otTcr for these figures Do you think an average coefficient 
of digestibility should be regarded as a ’ constant" for a given feedstuHf 
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CHAPTER 


Schemes of Describing the Energy 
Value of Feeds 


Total Digestible Nutrietits 

WITH OUR increased knowledge of the needs of the body, the 
inadequacy of the relatively simple scheme of proximate analysis has 
become more and more apparent. Not only are some of the sub- 
stances within the several groups of widely diflerent biological sig- 
nificance, but the scheme omits much essential information concerning 

the nutritional properties of foods. 

We shall note, however, that it is from the proximate analysis 
that the figures for Total Digestible Nutrients are calculated. 

From the standpoint of the nutritionist it is often true that the most 
useful purpose served by tlie proximate analysis is as a basis tor 
estimating the overall available energy of a feed. The information 
we can get from the protein figure as such is, of course, important, 
but not in as exact a sense as was at one time believed. All of the 
fractions of the dry matter of a feed separated by the Weende analy- 
sis excepting ash, arc potential sources of energy; Uic carbohydrate, 
protein and ether extract yielding approximately 4.3, 5.6, and 9.3 
Calories gross energy per gram. If only approximate values are 
needed tlie gross energy of a feed may tlius be calculated from its 
proximate analysis. 

Ilic animal, however, is not able to obtain all of the potential 
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energy from the food it eats The chief, and also the most vanable 
factor between feeds hmiUng utilization, is failure of complete diges- 
tion In this function the different energy yielding proximate pnn- 
ciples release in individual cases from 10 to 95% of their gross 
energy as measured by the quantities of protein, fat and carbohy- 
drate recoverable from the appropriate fecal excretion of the ration 
consumed We shall deal with the limitations of this method of 
measunng the apparent digestibility of these nutrients at a later point 
Here we refer to the matter only in connection with a consideration 
of a part of the presently used method of arriving at the value termed 
Total Digestible Nutrients (TDN) 

The thinking behind the use of TDN is entirely straightforward If 
we add together the digestible portions of the crude fiber, nitrogen- 
free extract, the protein, and the ether extract of a feed, each 
weighted m accordance with its appropriate caloric value, we can 
get a figure representing the total digested energy expressed m terms 
of calories for that feed Assuming a feed analyzing 10% protein, 
3% ether extract, 10% fiber, 65% nitrogen free extract, 2% ash, 
and 10% water, we might calculate the caloric yield as follows 


TABLE 3-1 Calculation of Calorie Yield of a Feed from It'’ 
Proximate Analysis 


C<ilorc 

Pro* mole % valu«i 

'pr ne pie Conlenl per p ani 

Profen 10 5 6 

Ether extract 3 

Pber JO ^3 

N 1 e« ext act 45 43 

A$h 2 

Woter JO 


Per flrom 


D gest ble energy {at to)o ei) 


Average % 


OroM d gett b 1 ty Digett ble 

Calorlei of froet on Color e, 

54 0 75 42 0 

27 9 90 25 1 

<30 50 2IJ 

279_5 90 251 4 


406 4 


340 2 

34 
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In this example we find that the hypothetical feed carried a poten- 
tial or gross energy content of 4.1 Cals, per gram. When the appar- 
ent digestibility of each energy yielding fraction is considered, the 
amount of energy apparently absorbed into the body following its 
digestion becomes 3.4 Cals, or 83% of the gross energy. Essentially 
we would get this result by direct measurement by using a bomb 
calorimeter and measuring directly the caloric value of the feed 
and of the subsequent appropriate feces voided. Neither the values 
of 3.4 Cals, per gram nor the figure of 83% digested energy are the 
TDN values that we would obtain by the actual procedure used in 

arriving at the TDN. , , . 

By definition the TDN in 100 units of feed is calculated as: 

TDN = Dig. Protein + Dig. N-free Extract + Dig. Fiber + 

^ (2.25 X Dig. Ether Ext.) 


Using our example we would find. 

% TDN = (10 X .75) -f (65 X .90) + (10 X .50) ^ 

The discrepancy between the two calculations arises from several 
sources, appreciation of which should make clear some of the limita- 
tions of TDN as a term descriptive of the useful energy of a feed. 

The method of calculating TDN appears to come from a combi- 
nation of the digestible nutrient figures for annual feeds and the 
Atwater* scheme of arriving at the metabohxable calories yielded 
from foods in human nutrition. The metaboliaable calories from 
dietary protein are less than the digestible ealones because of the 
poteniialtenergy of the urea excreted via the urine Atwater found 
this loss amounted to 1.25 Cals, per gram of digested protein. This 
results in a metabolizable energy v.alue for food protein of 
(5.65 X .92) - 1.25 = 4 Cals, per gram. 

Again, in the ease of the human, it we compare the digested 
calories from one gram of fat of the diet to that of the digested 

• Sec Maiwmd, L. A.. A N,„.. V. IS, p. -143 (1944): nho /. ,V,„.. V. 31 
(195J). 
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carbohjdrate and/or to the digested protein less its appropriate 
unnary loss, the ratios are about 9 to 4, or 2 25 to one Since the 
apparent digestibility of fat and of carbohydrate are about the same 
(in the human diet), the ratios of their gross energy is also about 
2 25 to one (9 3 - 4 1 = 2 26) Hence, metabolizable fat can be 
expressed as its “carbohydrate equivalent” by multiplying by 2 25 
Having thus expressed the fat, protein and carbohydrate m eqm- 
calonc values of 4 Cals per gram, we can add them to give a “total 
metabolizable energy” m terms of weight rather than calories 

The use of such a method with farm animal feeding appears to 
date back to 1900 when Hills of the Vermont State Agricultural 
Station suggested that the fat (ether extract) and the carbohydrate 
be combined in cattle feeding standards into one quantity by multi- 
plying the fat by 2 25, a figure obtained from the ratio of the gross 
caloric values of 9 3 for fat and 4 I for carbohydrate Some ten 
years later the Vermont workers (Hills et al, 1910) and Well and 
Humphrey of the Wisconsin Station, added digestible protein to 
the digestible fat-carbohydrate “carbohydrate equivalent” and coined 
the term Total Digestible Nutrients 
The literature gives no further explanation of this term, but wc 
may assume that it was intended to apply only to digested nutrients 
If this IS true, then the caloric value of the protein should be its 
heat of combustion ramus only its fecal loss In the Atwater scheme 
the average apparent digestibility of protein is taken as 92%, and 
the digested energy per gram from protein would correspondingly 
be calculated as 5 65 x 92% =52 Cals However, the digestibility 
of the protein of ammal rations is considerably lower than 92%, 
approaching more nearly 75% for the grams constituting the entire 
ration and 85% for protein supplements as measured indirectly If 
some constant value foe WJisX. be, 

tein of rations as fed, 80% might be used for those not including 
roughage, or 60% for rations including the normal roughage com- 
ponent for cattle For rations without roughage then we could esti 
mate the digested energy from protein to be (5 65 x 80) = 4 5 
Cals or for rations with roughage (5 65 x 60) = 3 4 Cals per 
gram In neither case is the value equal to 4 Cals per gram 



Schemes of Describing the Energy Value of Feeds - 59 

Furthermore, one might question the 4 Cals, per gram tor carbo- 
hydrate, since its mean digestion coefficient for feeds with appreciable 
quantities of crude fiber will be lower than the 98% found by 
Atwater tor the carbohydrate of human diets. A digestibility value 
of 80-90% tor nitrogen-free extract and of 50-75% for crude fiber 
would be mote in line with the experimental data, though the values 
for crude fiber will be highly variable between feeds and between 

species of animals. 

In spite of these facts, the custom has long been followed of con 
sidering 4 Cals, as the digestible caloric value of a gram of TDN. 
It obviously assumes that both the digestible protein and fat have by 
the method of calculation, been acceptably expressed on a digestible 
carbohydrate equivalent basis, an assumption 
The correct values in our example would be (453.6 X 3.4) 1 

Cals, per pound TDN which is some 15% lower than the customary 

factor of 1814 Cals. 

The caloric value of TDN of individual feeds will differ according 
to their proximate composition. An average for all f=^s appears 
to be in the neighborhood of 4.4 Cals, per gram or about 1990 Cals, 
per pound TDN. Such a factor would need to be used with discretion, 

however, in the case of individual feeds. 

For example, the apparent digestibility of each of ‘h= “ergy 
yielding fractions is based on the assumption that all °t 
Lt is not recovered in the feces has been absorbed and h no 
potentially available to the animal. Aside from the P™hbm of 
metabolic fecal products, there is another that is ‘=“'"P ^ 
garded in the TDN calculations; namely, the energy ost as belched 
or otherwise voided gas, resulting from carbohydrate fermentation in 
the digestive system. In the case of the ruminant this can amount to 
20% of the gross energy of the crude fiber fraction of the ration. 
Thus TDN values for roughages consistently and appreciably over- 
estimate the usable energy of such feeds by ruminant animals 

The practical problem of the use of TDN as presently calculated 
is not as serious as we might at first assume; because the values for 
feeds and those appearing in the feeding standards are all based on 
he sal method of calculation, and hence give a consistent result. 
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But when we make comparisons between TDN and other methods of 
expressing the digestible caloric value of feeds, or of compounding 
rations from the TDN value of feeds to meet standards expressed m 
terms of calories, we experience difficulty 

Modifications of TDN Scheme. We should not assume that the 
proximate analysis according to the Weende scheme is the only one 
of Its type that is applied in dealing with groups of nutnents or with 
estimates of the nutritional properties of foods For example, there 
have been several proposals for dealing with the carbohydrate frac- 
tion, all of which have the object of avoiding the empirical determi- 
nation for crude fiber as well as of obtaining a fraction that is more 
nearly a biological unit 

Crampton-Maynard Plan.* This plan calls for the chemical isola- 
tion of cellulose and of hgnm, the rest of the carbohydrate is then 
determined by difference and called “other carbohydrate ” The chief 
theoretical objection to this method at the moment lies m the fact 
that no entirely satisfactory chemical method is available for the 
determination of lignin Indeed, many now believe that lignin is not a 
substance of fixed chemical structure but that it may vary m make-up 
and hence m response to chemical treatment according to several 
factors, such as its maturity and the method by which it may be 
isolated m chemical procedure We know, for example, that slow dry- 
ing of a feed sample at room temperature gives considerably different 
values for its lignin than docs the same chemical procedure preceded 
by rapid oven drying of the sample 

Crampton-Whiting Scheme. A modification of this scheme was 
later proposed by Crampton and Whitingt which isolated approxi- 
mately the same three fractions of the “other carbohydrate” scheme, 
but avoided the direct determination of lignin The general plan of 
this proposal is mdicated by Fig 3-1 

A comparison according to three methods of analysis among the 
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amounts of the presumably highly digestible carbohydrate portions 
nitrogen-free extract vs other carbohydrate vs. soluble carbohydrate 
— of four rations is given in Table 3-2 


TABLE 3-2 Chemical Analysis of the Carbohydrate Fraction of 
Rations by Three Methods of Analysis 


Rotiof>t 

Standard method 

Crompton Maynard 

method 

Crompton Whiting 
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11 
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Ugnin 

10 

lignin* 

6 

He 3 Feed 

NFE* 

51 

Other CHO' 

‘ 29 

Soluble 

43 

Oott 





CHO 



Crude fiber 

25 

Cclluteie 

26 

Celluloie 

23 




Ugnin 

21 

Ugnin* 

10 


• By d fferenee 


of the botol food Uiown pt« 15% of e protein m.nerol v.fam.n *upple 

N F E = Nitrogen free ealroct 
CHO “ Corbohydrote 

The nurogen-free extract is in every case larger than other carbo- 
hsiirate vith soluble carbohjdrate intermcrliate The dilTerence be- 
ts een the tsso latter lies almost entirely m the dilTerence in the 
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apparent lignin. With feeds high in lignin the “lignin by difference” 
scheme yields figures for lignin in line with published data. 

That the scheme succeeds in separating a highly and poorly di- 
gested fraction from the total carbohydrate is evident from Table 3-3. 


TABLE 3-3 Digestibility of the Carbohydrate Fraction of Rations 
Determined by Three Methods of Chemical Analysis 
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method 
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89 
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1 
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69 
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71 
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69 
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76 

Other CHO 
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82 
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6 
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-2 
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11 
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TDN 
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66 
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72 
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80 

Soluble CHO 

77 
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T2 
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9 
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14 
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39 

lignin 


TDN 

65 
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65 
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64 
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25 

Other CHO 

23 

Soluble CHO 

28 


Crude fiber 
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CelMose 

4 

Cellulose 
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lignin 

31 
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TDN 

26 
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26 
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Total Digestible Nutrient figures obt.-.ined in the c.nsc of the 
Crampton-Whiting scheme by omitting the lignin from consideration. 
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are not appreciably diflercnt in the three plans of carbohydrate 
partition 

This plan has also been found in our laboratory to be adaptable 
for routine work When applied to feeds typical of those used in pig 
rations it appears to yield lignin values that arc in closer agreement 
with other published values than were found with the formaldehyde 
method of lignm determination We have also found that the fractions 
isolated are of significantly different digestibility, and hence for 
practical purposes may be used as biological units in the chemical 
description of the feed 

Starch Equivalent Values 

While the Total Digestible Nutrient scheme of describing quanti- 
tatively the useful energy values of feeds was being developed in 
North Amenca, Kellner, in Germany, was devising a somewhat 
different method of describing the energy value of feeds based also 
on the Weende analysis His feeding standard* appeared m 1905 
m Germany and in English m 1909 Kellner objected to the Total 
Digestible Nutrient plan because it did not measure the energy actu- 
ally available to the animal m that it neglected metabolic processes 
in which energy escaped in the unne and also as wasted heat 

In order to arnve at the net energy which a feed might yield, 
Kellner fed adult oxen a maintenance ration and then determined 
that one pound of starch fed in excess of maintenance produced 
0 248 lbs of body fat Other pure carbohydrates gave similar values 
But digestible true protein and digestible fat gave different values, 
as follows 

Body fat produced per pound digestible nutrient 
from starch 0 248 lbs 

from true protein 0 235 lbs 

from ether extract 0 474-0 598 lbs 

Kellner took the figure for body fat produced by starch as 1 and 
expressed the protein as 235/ 248 = 0 9476 units starch equivalent 
• See The Scientific Feeding of Animals The Macmillan Co N Y (1913) 
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and ether extract as .598/.248 = 2.41 units starch equivalent. When 
expressed as percentages, protein had 94.76% and ether extract 
241% ot the value of starch in producing body gams in adult steers. 

Experiments with aetual feedstuffs revealed that ether extract did 
not produce the full predicted value, but instead varied from 191% 
lor that of roughage to 212% for the fats of cereal grains. Experi- 
ments also showed that the net nutritive value of the variety of 
concentrate feeds was about the same as he had obtained from the 
pure nutrients when they were added separately to the maintenance 

” On'lhis basis, Kellner calculated the starch equivalent values for 
concentrate feeds from their proximate analysis. He found, however, 
that tor feeds containing much crude fiber his starch equjyalents were 
too high. As an adjustment he proposed a reduction of the computed 
value, accomplished by the use of an “evaluating factor, which was 
characteristic for feeds of differing fiber content. 

The starch equivalent values for the proximate pnnciples eventu- 
ally arrived at were: 

Dig. true protein 
Dig. fat in fodders 
Dig. fat in grains 
Dig. fat in oily seeds 
Dig. carbohydrate + fiber 

Evaluating factors 
As an example of the computation we may use rapeseed cake. 

24.8 X 0.94 = 23.39c> starch equivalent 
6.3 X 2.41 = 15.2 starch equivalent 
70.5 X 1.00= 20.5 starch equivalent 
59.0*rc starch equivalent 

Evaluating factor for fiber 

This result we interpret to mean that it requires 100 'bs- of rapes^d 
cave, fid above nmintcnancc. to yield ns much energy to the l»dy 
as 56 lbs. ot starch. 


0.94 

1.91 

2.12 

2.41 

1.00 

95-30% 


Dig. true protein 
Dig. fat 
Carbohydrate 
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TDN ys. Starch rqmvaicnt. The essential difTercnccs between the 
TDK and the starch equivalents as measures of useful feed cncrg> 
will be apparent if the equations arc set down together 

TDN =(CH 0x1) + (Protein X 1) + (Fat X 225) 
Starch equivalent = I(CH,0 X 1) + (True Protein X 94) + 

(Fat X 2 41)1 X correction 

Using these formulae, v.e calculate for rapeseed cake 

TDN =59 47tf 

Starch equivalent = 56 0% 

We can see that as a description of the useful energy of a feed 
these two schemes are not markedly ditferenl 

Direct Determination of Caloric Value 

To avoid some of the difTicultics and inaccuracies inherent in the 
proximate analysis for carbohydrate fractions, some laboratories are 
determining the gross caloric value of a feed by combustion in a bomb 
calorimeter Subsequent similar determinations on the fecal residue^ 
from such diets makes possible a correction of the gross caloric value 
for the apparent loss in digestion and results in a figure that has beer 
called dicestiblc calories 

This term then becomes a measure comparable to total digestible 
nutrients for expressing the useful energy of fecdstuffs With this 
procedure we need to make no assumptions concerning the source 
of the energy and, of course none of the errors inherent m deter- 
mination of the proximate pnnciples are invohed m this procedure 
Among the objections to the use of a bomb calorimeter for 
Totfime leei ana'iysis has ’ocen its lime consuming nature and the 
lack of a permanent record of the temperature changes These objec- 
tions have been largely overcome in the author s laboratory by the 
use of a recording poteniiomcter equipped with a maganm nickel 
thermocouple The advantages afforded by the recording potentiom- 
eter are firn the temperature change is easily determined mechan 
ically and second a permanent record of the d-term nations is made 
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The bomb is ignited with an electric ignition unit and is rotated 
in its water bath by an eleetrie motor dr.vmg through an elast.c 

'’“Tt“refoTrng"appara\'us we use in our laboratory is a Brown 

Eirs.ip'a,- Sr 

neapolis-Honeywell Regulator Co. Model '^^Xi 1 W-X- 8P4, 

using Chart No. 5947-1 ) . The scale is graduated from 18 C. to 28 C., 
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rise read from the usual ijpe thermometer, the standard deviation 
was 3 4 per cent of the mean 

5ig/ii/icnnce of the Energy Delcrminaiion 

Before turning to a consideration of methods of describing feeds 
with regard to protein we should indicate the reason that so much 
attention has been paid to wajs of describing the energy values of 
feeds Practical experience has established that the most usual cause 
of below average performance of farm livestock is faulty feed intake 
In practical terms this is almost the same as sa>tng “inadequate 
energy intake,” for unless there is a marked difTcrcnce m fat content 
and to a lesser extent in protein level, the dry matter of dilTcrcnt 
feeds contains about the same gross energy Differences in mailabte 
energy are likely to be small between comparable rations, since they 
will usually be of similar protein levels and of much the same overall 
digestibility 

Furthermore, altering feed intake not only alters energy intake 
but that of all other nutrients of the ration 
The energy need of an animal may be estimated by calorimeter 
studies or by correlating their performance with differing levels of 
energy intake 

In either case it becomes necessary to know the usable energy of 
feeds and feed mixtures to be able to adjust feeding practice to meet 
the requirements of the animal fed Too liberal intake of digestible 
energy leads to body fat deposition which may or may not be impor- 
tant or desirable, while too meager allowances limit performance of 
functions requiring energy If the energy restriction is effected by 
feed restriction U also may mean inadequate intake of protein, min- 
erals and vitamins, if these have been adjusted m concentration m 
the ration to correspond to the energy requirement 

Thus we might truthfully say that a satisfactory working knowl- 
edge of the usable energy of feeds is the starting point in the success- 
ful use of feeds It is at the same time one of the difficult things to 
come by 
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Feed Efficiency 

Another term we use to describe the usefulness of feeds is feed 
efficiency. Inasmuch as this term has certain limitations, it may be 

well to discuss the nature of the term. . ^ , c 

Trials that have as their objective the evaluation of the value of 
feeds or combinations of feeds, ordinarily use live we^ht gams and 
feed consumption records as the principal criteria. The 
of the gains made by animals on such trials is undoubtedly mfluen ed 
partly by the quantities of the ration they have a^f f 

by the nature of that ration. If we divide the gam figure bV ‘he feed 
consumption figure, our calculation, “gam produced per “".t of feed 
has been taken as a method of adjusting the gam for equal feed 
Lake Our assumption has been that any difference in gam that 
ema ns after such adjustment is legitimately credited to differences 
rkTnd 0 feed The numerical value of such a raUo is frequently 

used as a quantitative oLLL I sL- 

fundamental weaknesses of this use ot sucn iig 

statistical and the other is biological. hloinmcil 

In the usual calculation ot the gam-feed ratio, the biolo&cal 
importance of the amount of feed voluntarily eaten is sometimes 
importance overlooked. Perhaps some of this is due 

minimized, i^ot ° of variations in feed intake. The 

willingness of „!!ulated by the nutritional charaeter ot the 

same food are m p. the state ot intermediary 

diet or perhaps m ,rient deficiency, or a nutritionally sig- 

metabohsm. 7 " nu,ritients may be expected to disturb intcr- 

mficant imbalance m e(.o"nizcd fact, established by cxpcri- 

mediary metabolism by such factors as excessive 

mental evidence, tot B-complex 

quantities of L etc., actually result in an increased 

mentor, or by restrici metabolism is a constant, this 

total heat loss. And, '"I™ '' -be dynamic action. Similarly, 

must be a rcficclion of incrcascu speci i 



of food energy (Im^rlant 
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as the diet becomes more perfectly adjusted to the requirements of 
thd moment, the specific dynamic action declines. In any case, any 
increase in heat loss means a reduction in the energy available to the 
body for its maintenance or for productive purposes. This may be 
diagrammed as in Fig. 3-3. 

It appears that the body’s defense mechanism against the ingestion 
of materials that the body disposes of only at an extra energy cost 
is usually reduced appetite and the consequent reduction of food in- 
take. Therefore those quantitative differences that animals exhibit m 
teed intake become an important index of the nutritional properties 
or adequacies of the feed or of the ration. It is almost universally 
true that nutritionally poor diets are consumed in smaller quantities 
than are the same diets made adequate by suitable amendments. 
Consequently, when we adjust gains to equal feed intake and judge 
feed efficiency from such calculations, we should not forget the 
importance of the actual feed intake as a fundamental index of 
nutritional value. 

Where differences in feed intake between comparative lots are 
relatively small, feed efficiency established by comparing gams per 
unit of feed eaten or feed required to produce a unit of gam may be 
a highly useful procedure. If, however, there is a wide discrepancy 
in feed intake, then simple comparison of the gam-feed ratios may 
lead to implications that are not justified biologically. 

These implications raise the statistical side of the question. Calcula- 
tion of the gain-feed ratio implies that gain is directly proportional 
to feed intake over the whole range of intake from i^ro to whatever 
is maximum. Biologically, such an assumption is obviously untrue 
because some of the feed consumed does not produce gam, but must 
be used for maintenance of weight already attained. If ™ desire o 
eliminate the efiec.s of diUcring feed intake on gains, it is statistically 
more acceptable to adjust pains to an equal feed intake by regression 
Zn byZple ratio, and it would seem logical in any given lest to 
adiust the gains of different comparable lots to the average feed in- 
t-k- of the*^ whole test. This statistical device is relatively simple of 
calculation and permits a more accurate measure of the differences 
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in gam from causes other than variability in feed intake than is 

possible by the simple gain-feed ratio. 

While we cannot at this point give consideration to the mathc 
matics involved, it may be useful to present a graph of the results 
of an analysis of a factorial test intended to measure the relative 
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Fig. 3-4. Gram-feed ratios by simple proportion and by regression. 


usefulness of feeds of animal origin and those of plant origin as 
sources of protein for growing rats. 

The gam figures and the feed consumption figures have been used 
in the one case to calculate feed efficiency as a gain-feed ratio (see 
Fig 3-4) . This is shown in Curve A. The same data are also used to 
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calculate the regression of gam on feed and the regression line is 
shown as Curve B 

Note that these two curves cross at a point that represents the 
mean feed and the mean gam for the test You can also see that either 
method of adjusting gams to equal feed will give about the same an- 
swer for those groups that are close to the mean, but for groups that 
deviate significantly from the mean there will be an increasing error 
if the simple gam-feed ratio is used as the measure of feed efficiency 
Curve B indicates that m this test approximately IVz grams of feed 
produced no gam, it is presumably the quantity of feed that was 
sufficient to maintain the animals The efficiency with whmh feed did 
produce gam is. then, indicated by the slope of Curve B, which is 
greater than that of Curve A 

Another comment may be worthwhile m connection with the in- 
terpretation of any measure of feed efficiency that is calculated 
entirely from the gam and from the feed consumed Inasmuch as 
more rapid gam relative to feed intake gives a figure indicating 
increased effiaency, it is very easy to fall into the error of ^u"img 
that in all cases those feeds that induce the mos rapid gams a e 
necessarily feeds of highest feeding value Obviously feeds are 

of highest feed efficiency it efficiency means only gam 
feed eaten This meaning is probably the objective with dairy cattle 
feeding and perhaps with the feeding of horses, where maximum 
produLon pe" J of feed used or maintenance of weight per unit 

of feed used is the economically important factor 

teen usea however, the feed that produces the 

In the case of ba on hogs, 

m the finishing ration of bacon pigs they 

msultTn%Utc„whi.am.^^^ 

demand and by dol ar re u ^ consequcntlj, capitalize 

to restrict the n'lo'va content Restricting feed, however, 

on their high available '"crgy 

requires individunl penning, wh P 

If group-fed pigs have their be more 

result IS uneven performance of the group 
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aggressive and still be full-fed, while the more timid animals will be 
undesirably restneted in intake. 

The practical solution of this for the pig feeder is to introduce less 
efficient feeds— feeds that have lower energy value per pound; feeds 
that are bulky per unit of their available energy. Such feeds must be 
eaten in considerably larger amounts to produce the same live weight 
gain that heavier higher energy feeds will produce. Such feeds will 
also be less efficient in producing gams but more efficient in produc- 
ing desirable carcass. Thus feed efficiency must be interpreted in 
terms of the result desired. 


rivoniEMS 


l. In order to provide each 100 Calories for basal metabolism, how 
much difference m the metabolizable calorie requirement would it 
make to so balance the ration (hat the SDA was reduced from a 
value of 25 to 5% of the total heat loss'’ Assume that the caloric 
demand for the non-productive activity of an idle adult is about 25 
Calories for each 100 Calories of basal metabolism Can you suggest 
economical conditions where it would not pay to feed a “balanced 
ration’"’ 

2 Given a ration of the following specifications' 

% composition Calones % 
by weight per gram digestibility 
Protein 15 56 75 

Fat 3 9 3 70 

Carbohydrate 70 4 0 85 

Assume that when fed to an animal the ration efficiency was 30 units 
gam per 100 units air-dry feed consumed What would you expect, 
other factors constant, would be the efficiency if the fat content were 
increased to 20% at the expense of carbohydrate’’ If equal quantities 
of digestible calones were consumed how much difference (m % ) 
would there be m daily feed intake'’ 
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CHAPTER 


Schemes of Describing Protein 
Value of Feeds 


Measures of Protein Quality 

SOMEWHAT ANALOGOUS to the problem of descnbmg the 
overall available energy value of feeds JS that of the nutritive worth 
of the protein complex It is generally accepted today that the useful- 
ness of feeds as sources of protein depends pnmanly on two factors, 
VIZ , the total coacenlration of the proteins (i e , nitrogen X 6 25) 
and the distribution of the ammo acids making up the proteins 
There is ample evidence that imbalance between ammo acids of the 
ration results m inadequate protein nutrition This deficiency may be 
reflected only as a minor decrease in feed efficiency for some such 
function as growth or milk production, or it may be severe enough to 
cause the death of the animal 

The relative usefulness of the protein of a particular feed m meet 
ing the animals protein (nitrogen) needs is often referred to as its 
quality^ and terms that arc quauUtaUvely descriptive ot protein 
quality include, biological value, protein value, chemical score and 
replacement value We shall define and describe these terms at this 
point 

Biological Value o! Proteins. The concept of biological value as 
applied quamitatiNcly to the nitrogen portion of feeds is essentially 


76 



Schemes of Describing Protein Value of Feeds - 77 

as a figure expressing the fraction of the digested protein which, in 
growing animals, cannot be accounted for through urinary excretion; 
it is a measure of the fraction of the digested feed protein that is 
retained in the body. We assume that amounts retained reflect accu- 
rately a “perfect” assortment of amino acids. Su^luses of absorbed 
individual amino acids remaining above the maximum used in mak- 
ing up this “perfect” assortment are presumed to be deaminized and 
the nitrogen component excreted via the urine. Thus biological value 
(B.V.) is precisely defined by its (Thomas-MitcheU)* formula: 

% B.V. = 100 X . XT I. a xTTi 

N intake.- If Feces N - Metabolic N) + (Ur me N — End N) j 
N intake — (Feces N — Metabolic N) 

Note that the total feces nitrogen is corrected for the metabolic 
fecal nitrogen and the urinary excretion for the endogenous nitrojm 
We presume that the metabolic fecal nitrogen is not a direct dietary 
residue, and hence we must disregard it in measuring the true digest- 
ibility of the dietary intake. We also assume that Folin s endoge- 
nous urinary nitrogen measures normal wear and tear of nitrogenous 
body tissue and does not, therefore, represent surpluses of ammo 
acids discarded because of imbalance. While Folins 
the significance of endogenous and exogenom urinary nitrogen is 
not aUogether accepted today, the use of the endogenous 

■ U. ■■ X- 1 „ 1...,1 value bv this method is necessary. Perhaps 
in obtaining a biological by 

r “rrerirs .1. --v •> ■«.* p»»i. 

in a slight diflerent form, obtained from the original by permu.a- 

lion, and usually written asi 

^TT-in arr- N - Endogenous N) X 100 

% B.V. = 100 - intake - (Feces N - Metabolic N) 

. .X, xnir-hell biological value as a practical 
The so-called Thomas-Mncncii oioivt 

so^aiic orotcin has two serious limitations. Tlic 

measure of the quality of a proici 

• J. BhL Chein.. V. 58. p. 873 (1924). 
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first IS the difficulty of obtaining a measure of the endogenous uri- 
nary nitrogen, and to a lesser extent, the metabolic fecal nitrogen. 

In pracuce the former is sometimes calculated on the basis of body 
Size according to the equation. 

Milligrams Endogenous Unnary Nitrogen = 146(lKke 

If the values for endogenous urinary N are to be determined 
experimentally, it is necessary to prepare and feed a nitrogen-free 
diet To prepare such a diet that will be voluntarily eaten for long 
enough to obtain the necessary data is a practical impossibility with 
any but laboratory animals 

The second difficulty arises from the fact that the level of nitrogen 
(protein) fed modifies the calculated biological value independently 
of the ammo acid balance, because deamination appears to proceed 
somewhat according to the law of mass action Thus to obtain 
maximum biological value there must be a minimum of protein 
furnished This automatically means that production rations, m- 
eluding those for growth, where liberal protein feeding is necessary 
for maximum performance, show low biological values as compared 
to maintenance allowances Hence biological value data for indi- 
vidual feeds will change according to the rations in which they 
are used Biological values are constants only if the protein is used 
entirely for maintenance fn order to compare such figures for dificr- 
ent feeds they must have been determined at the 'ame protein 
levels of intake, and to standardize this, such rations often are 
adjusted to 10% protein 

The utilization of bigb biological value ration proteins n actual 
feedmg according to the level of protein ingested is shown in Fig 4-1 
Here we should note that when up to 40 gms of whole egg pro- 
*«;n, -ft, ieay, rsscircrffiy a’fi o't it is used as protein 

At 5 gms intake all is used for maintenance But as intake rises to 
10 gms per day only 35% of it wiU be used for maintenance with 
65% being used for tissue synthesis (le. as protein gam to the 
body) Thus at this level IheBV is 100% With increasing intake 
the curve for the proporuon used for maintenance steadilj declines 
while the protein gam rises Thex two uses account for all the 
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intake until the daily consumption becomes 38 to 40 gms., which 
appears to be the maximum that can be utilized as protein. (Note 
that the protein is whole egg protein, which is considered to have a 
practically perfect distribution of amino acids). • 

Above this level there is a suiplus that will be deaminized with 
a consequent rise in exogenous urinary nitrogen and an increase in 
specific dynamic heat loss. Now since less than all the protein in- 


witojLE 


0 10 ZO 30 40 SO 60 70 80 90 >00 >10 IZO 130 KO >50 

C/7A\fr AX}9pnB£D 

Fip. 4-1, Effect of level of protein ingestion on its utilization. (FrO/n 
Fames, R. //. €( at, J. Nut., V. 32, p. 5S5‘34S, 1946.) 


gcsicd remains in the body (i.c., for maintenance plus protein gain), 
tlic biological value declines. Tlius, whereas at 38 gms. intake the 
biological value is about 100, at 70 gms., it is only 60, with 409o 
of it being metabolized for other purposes. 

Wc should remember that the category marked on the graph as 
protein gain “refers to all utilization of protein for tissue synthesis 
Ollier than the maintenance component." Hence, it includes body 
tissue as growtii and production as milk, eggs, or woof. Tliis graph 
makes it cic.sr that age, class of anlma), and the production involved 
all influence the cfTcciivc apparent biological value of a protein in 
addition to any “abnormalities** in amino acid balance. 
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Biological value figures are not now used m applied feeding, 
though they have served a useful purpose m establishing differ- 
ences betv^een protein sources as to nutritional usefulness, and un- 
doubtedly their limitations stimulated the development of more 
satisfactory methods of descnption The term, biological value, 
however, is still used to denote proiem quaUty 

Protein Replacement Value. Because of the limitations of the 
Thomas Mitchell biological values. Merlin* at Rochester Umversity 
devised a slightly different measurement that indicates the extent to 
which a given protein can replace some “standard * protein in terms of 
nitrogen balance His formula for obtaining this measurement is 


% Replacement Value =s 

100 — Balance! — Nitrogen Balance-> 1 

L Nitrogen Intakci J 


TVo nitrogen balances (see Oiart 4-A) are conducted with nitro- 
gen intakes essentially equal The numencal difference between the 
two balances is expressed as a percentage of the mirogen intake of 
the test having the larger nitrogen consumption (If the intakes are 
nearly equal, the mean intake of the two tests may be used) As 
measured by nitrogen retention, this percentage figure represents the 
extent to which the one protein has failed biologically to match the 
other The compliment of this percentage figure is the replacement 
value (RV ) for the protein being exammed 

An example may clarify the calculations Assume a comparison 
between two rations, the protein of which in one is from whole egg, 
and in the other from sovbean oilmeal The daily nitrogen intake in 
each ration is 50 gms and the nitrogen balances are +20 and +16 
gms , respecUvely 
We then calculate 


Egg RV 


of sojbean protein = 100 — 

= 100 - 
= 807o 



X 100 


/ V 5 p 15 (1938) 
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Thus we see that soybean protein failed to equal egg protein by 
^ X 100, or 20%; and so we say it has an egg replace- 
ment value of 80%. 

The formula for replacement value is sometimes written: 

Difference in Nitrogen Balance 
Nitrogen Intake 


CHART 4-A Typical Work Sheet for Balance 



Food eaten 
(24 hr. D.M. bosii) 

as recorded during the test pe- 
riod — days 

1767 gms. 

fnfoice Dato 

% Nj fn dry matter 

from chemical analysis of a 
sample of the feed 

3,0 


Gm*. N» InfaUe 
(24 hr. basis) 

)767 X .0301 

53.2 gmi. 


Gms. excreted 
(24 hr. O.M. basis) 

moist feces X % H»0 -f- days 

556 gms. 

Ovfput F«<ei 

^ Ni In dry matter 

from chemical ono}y*»* of com* 
posited aliquots of dolly col« 
lection 



Gms. Nt voided In feces 

556 X .0255 

14.2 gms. 


Volume urine 
(24 hr. basis] 

Total mb urine voided for test 
period 4- doys 

3712 ml. 

Output Urins 

% Ns In urine 

Gms. Ni voided In urine 

by chemicol onolysis on com- 
posited doily oliquots 

3712 X .0052 

0.52% 

19.1 gms. 

Balance 

Otn* /24 hr*. 


53.2 - (14.2 19.1) 

+ 19.9 gms. 


R.V. = 100- 


I X 100 


/ 20- 26 
V 50 


Replacement values arc free from implications concerning protein 
metabolism (sec Biological Value of Protein)’, may be employed in 
a relative sense to describe the relative usefulness of any two pro- 
teins used under comparable conditions; and if tested against egg or 
milk proteins ("hose biological values arc nearly 100) base about 
the same numerical value as biological values determined under 
optimum conditions. 

The interpretation of rcplawmcnl value figures in describing protein 
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quality requires a simultaneous consideration of the apparent digesti- 
bility of the protein, since a nitrogen balance is dependent on both 
digestibility and intermediary metabolism It is theoretically possible 
for two proteins, when measured each against egg protein, to have 
similar replacement values due in the one case to high utilization 
of a relatively poorly digested fraction, while in the other there might 
be a high digestibility but poor metabolic utilization In practice, 
however, we find more often that poor digestibility is correlated 
with low metabolic use, or else the digestibility is essentially the 
same in comparative cases 

A senes of tests m which egg replacement values of cereal pro- 
tein were determined with rats will illustrate the type of data to be 
expected with this technique (see Table 4 1) These data indicate 
that cream-of-wheat protein is as fully digested as is egg protein 
but has only 72% the overall biological value Shredded wheat 

TABLE 4«1 Egg Replacement Values of Cereal Foods as Affected 
by Heating Cereals 



H Irogen ovfpvf -Apparerf 

— dge»t 

Ur ne Feeol Total 1 

N 

N 

balance 

Egg 

N 

Intake 

RV 



fl/doy 



g/day 

o/day 

g/day 



4 49 

97 

5 46 

83 

5 9S 

+ 47 

4 64 


Preco«li«d oolt 

4 60 

1 34 

5 94 

77 

5 94 

- 10 


87' 






Off = 

- 59 



Egg 

4 49 

78 

5 27 

86 

5 85 

+ 58 

4 56 


Cream of wheat 

5 66 

89 

6 55 

85 

5 87 

- 68 


72 






D ff = 

-1 26 



Egg 

4 40 

87 

5 29 

84 

5 33 

+ 54 

4 55 


Shredded wheat 

4 74 

200 

67* 

66 

584 

- 90 


68 






Off 

— 1 44 



Egg 

4 38 

81 

5 17 

86 

598 

+ 69 

4 59 


Puffed wheat 

5 37 

1 8S 

7 22 

69 

5 94 

-1 28 


57 






Off - 

— I 97 



. ,r,n 59 X 100 

JIT “ 87%BV 
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and puffed wheat are about equally less well digested than egg but 
the lower replacement value of the more intensely heated puffed 
wheat indicates a further damage to the ammo acids from the 
processing 

Another example of the use of replacement values and digestibility 
data in estimatmg the quality of protein of a feedstuff is found in 
studies at Macdonald College of Malt sprouts as a hog feed In one 
of the balance trials the Linseed oilmeal protein replacement value 
of Malt sprout protein was determined at three ration protein levels 
with data as shown in Table 4-2 

TABLE 4-2 Nitrogen Balance and Protein Replacement Values 
Between Rations of Corn Plus Malt Sprouts vs Linseed Oilmeal 


10 3^ protein 12 3% protein 14 2%protert 



Moll 

Linseed 

Molt 

Linseed 

Malt 

Linseed 


sprcul 

0 Imeol 

sprout 

0 Imeal 

sprovt 

eilmeol 


rat on 

ration 

ration 

rot on 

ration 

ration 

N 2 balance* 

5 23 gm 

5 02 

555 

7 20 

5 02 

7 34 

% total Nj excretion os 







Urme N 2 

70% 

78 

68 

77 

65 

77 

Fecol Ns 

30% 

22 

32 

23 

35 

23 

Replacement value of malt 







spfocrfs prafcm 

104% 


84 

34 


% of total N 2 suppi ed by 







supplements 

27% 


45 

SB 



* Average of 4 pigs per group 


In these data (Tables 4-2 and 4-3) we find a situation where the 
protein of a corn-malt sprouts ration is not the equal m terms of 
replacement value to a com linseed oilmeal ration, excepting when 
only about a quarter of the total ration protein is derived from the 
supplements Further examination of the data reveal that the pro- 
portion of the digested protein that was excreted m the urine was 
essentially the same in all tests The conclusion is, therefore, that 
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the poorer digestibilitj of the malt sprout protein and not its ammo 
acid balance \s responsible (or the overall lower replacement value 
of malt sprouts in the pig ration when large enough quantities are 
used to provide 50% or more of the total ration protein 


TABLE 4-3 Urinary N, as a per Cent of Total N- Digested 



% of total Nt 
tuppi «d by 

Unnary Nt oi 

% ot totol Nj i ge$ted 


Molt tproul 

linteed olmeol 

% prote n in rot on 

iupplementi 

Mton. 

rot ons 

10.3% 

77 

66 

70 

124* 

4S 

69 

65 


58 

74 

68 


Averoge 

70% 

68% 


Replacement values are useful in companng protein values under 
nutritional states other than those m which protein is the limiting 
nutritional factor This method is nevertheless a biological method 
and hence is time consuming, it is subject to difficult mterpreta 
tion because of animal vanabihty, and finally it is an overall measure- 
ment that does not indicate the specific cause of the figure obtained 
and hence gives no clue directly as to bow to improve a protein 
having an undesirably low value 

Chemical Scores for Protein To overcome the economic limita- 
tions of biological methods of describing protein quality, two schemes 
have been proposed, both of which yield a numerical value for 
quality arrived at by a consideration of the relative amounts of the 
ammo acids present in the protein as determined by chemical (or m 
some cases biological) analysts 

Block and Mitchell* conceived protein quality as the consequence 
pnmanly of a relauve shortage of some one essential ammo acid 
They took the make up of whole egg protein as the standard or ideal, 
and determined the percentage by which the ammo acids of a com- 

* Sul Ahit and ReM V 16 p 249 (1947) 
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parative protein were individually deficient or in excess of those 
of the standard (see Table 4-4) Excesses were considered innocuous 
The amino acid present in greatest deficit was considered the limit- 
ing ammo acid and the complement of its percentage deficit was their 
chemical score for that protein Thus a protein showing lysine to be 
only 40% of that m egg protein would have a chemical score of 
60%, providing this was the amino acid m greatest deficit 


TABLE 4-4 Calculation of Mitchell's "Chemical Score" for Wheat* 
as an Index of Protein Quality 


Amino Acids 

Nome 

% in egg prote n % in 

wheat profe n 

% deficiency m wheot 

Arg nine 

64 

42 

-34 

Histidine 

2 1 

2 1 

0 

lysine 

72 

27 

-63 

Tyrosine 

45 

44 

-2 

Tryptophane 

1 5 

1 2 

-20 

Fhenylolon ne 

63 

57 

-to 

Cyit ne 

24 

7 8 

-25 

Meth onine 

4 ) 

25 

-39 

Cyst ne + Meth onine 

65 

43 

-34 

Threon ne 

49 

3 3 

—33 

Leuc ne 

92 

6B 

-26 

Isoleucine 

80 

3 6 

-55 

Val ne 

73 

45 

-38 


* * Chem cal Score for wheat boied on om no odd In greatest deftc t Is 1 00 ” 63 = 37 


An extensive senes of feeding tnals with rats established that the 
chemical scores for a considerable range of proteins correlated well 
with the relative values of these proteins for growth, and also that 
they correlated with biological values The correlations are by no 
means perfect, though they are statistically significant 

On theoretical grounds we might argue that nutntional relation- 
ships among food proteins should be revealed more easily by a 
determination of amino acid composition than by biological estima- 
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tion Nevertheless, the vanabihly of results was found to be relatively 
large, so that while chemical score appears to be a useful measure- 
ment for separating proteins into categories of usefulness, there are 
likely to be discrepancies in individual cases that would be of practi- 
cal importance Another problem involves the protein that is deficient 
in varying degrees in several essential ammo acids Correction of one 
deficiency still leaves a combinaiton that is biologically imperfect 

Oser’s EAA Index Method of Chemical Evaluation. Oser,* while 
approving the general principle of chemical score as outlined by 
Mitchell and Block, takes the stand that all essential amino acids 
should be considered rather than the single one that is m maximum 
deficit with respect to some Standard His argument is based on the 
view that each essential ammo acid is essential in its own ngfat — that 
each IS equally essential Incidentally, this view neglects the possi- 
bility of differential rates of synthesis for those ammo acids that can 
be thus formed, though at a suboptimum rate 

The picture of protein quality in respect to the 10 ammo acids 
that are commonly classed as essential may be obtained for milk, 
beef, and for two cereal proteins, wheal and com, by means of a 
graph of their respective egg ratios (see Fig 4-2) The egg ratio is 
merely the percentage by which the ammo acid m a feed protein 
departs from that found in whole egg protein with excesses taken 
as 100% The order of arranging the essential ammo acids is im- 
material, but m this example it follows the increasmg deficiency m 
wheat flour 

In this graph the lowest pmmt for each of the four example pro- 
teins would represent the Mitchell Block chemical score 

When we examine the common feeds by this method the data 
suggest what is weh-esiablished analytically, that the protein complex 
of the cereal grains as a class is of lower biological value than egg 
protein and other animal proteins because of shortages in descending 
order of l>sme, tryptophane, isolcucine, valme, arginine, and methi- 
onine plus cjstme Supplementation with l>sme, while correcting 
•/ Antfr Dietetic Assn V 27 p 396 (1951) 
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the first deficiency, still leaves several other amino acids to become, 
in turn, the limiting factors in biological quality. 

In order to take into account all of the essential amino acids, 
Oser has proposed an Essential Amtno Acid Index, which is the 



Fig. 4-2. Trend of “chemical scores" of certain protein sources. 
{Adapted from Oser, J- Amer. Dietetic Assn., May, 1951.) 


geometric mean of the ten egg ratios found in comparing the content 
of the ten essential amino acids in a feed protein with that found in 
whole egg protein. Algebraically the index is expressed as: 

, *®/l00a . lOOh 

EAA Index =.. / x — r- • • • 

\ Oe be U 
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,n which a b (are the per cent of essential ammo acids m the 

food protein and n, b„ are the per cent of the respective ammo 
acids in whole egg protein 

For computation it is convenient to express the equation m log- 
anthms as follows 



An example of Oscr’s computation of white flour protem is shown 
in Table 4-5 

TABLE 4-5 Calculation of Oser^s EAA Index for White Flour 
Protein 


Am no acid 

Egg roto 

log egg rot< 

lyun* 

J7t 

U330 

Tryp»oph«n« 


17267 

lMl*WCin« 

54 5 

17364 

Vol A« 

56 9 

17531 

Arg net* 

591 

17716 

M«thlen na plui cyilma 

60 9 

17788 

Thraow na 

62 8 

17980 

Lawcjna 

76 1 

1 8814 

Phanylalanina 

87J 

1 9410 

H tt d na 

917 

1 9624 



17784 




EAA Indan ( a^ ant log] 


60J 


Osers indices are closely correlated with Ihe Milchell-Block 
biological Nalues and the numerical values are in closer agreement 
with these values than are those of chemical scores and biological 
values Thus biologic values can be predicted from the EAA Index 
with reasonable accuracy, the mean deviation of the Index from B V 
being of the order of -1- 2 8 4 

With this scheme of describing protein quahty we can estimate 
the efTcct of fortification of proteins with one or more pure amino 
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acids, or the effect of combining proteins of dissimilar amino acid 
distribution In this respect it would appear to be more useful than 
the Mitchell-Block chemical score 

However, we should point out that protems of quite different 
ammo acid make-up may have identical EAA Index rating For ex- 
ample, a protein with a very marked relative shortage of one or two 
amino acids might show an EAA Index no lower than another with 
a more balanced assortment With the first protein strong fortifica- 
tion with the one or two deficient acids would be called for to raise 
the nutntional value, whereas with the second such amendments 
would be only partially effective 

Thus such methods require more than the Index value alone if they 
are adequately to describe the quality of protein of a feed 

Application of Protein Quality m Feeding Practice 

We sometimes find it useful after being absorbed m some specific 
feature of a problem to sit back and have an overall look at the 
situation in order to establish perspective and balance This procedure 
applies particularly well to the question of protein quality 

That there are a number of ammo acids needed for the synthesis 
of the protein of one tissue or another m the body is unquestioned 
Some, perhaps half of these the body can readily put together from 
stored ammo radicals plus non-nitrogenous fragments of carbohydrate 
or fatty acid metabolism The others must be supplied to the blood 
stream preformed, and m quantities and assortments dependent upon 
the kind and extent of the physiological functions requiring them 
From this point on we must recognize species differences Herbiv- 
orous animals, beyond the early juvenile ages, are able through 
the role of their symbiotic microflora, to arrange for the necessary 
supply of these essential amino acids almost, if, indeed, not entirely, 
independently of the nature of the nitrogen of the ration Inorganic 
sources such as ammonium sulfate or urea nitrogen arc apparently 
as acceptable as protein nitrogen to these organisms for their syn- 
thesis of the whole assortment of ammo acids 

And so from the feeders standpoint, description, either qualitative 
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or quantitative, of the quality of the protein of feeds are of no par- 
ticular importance in the preparation of rations for, or in the feeding 
of herbivorous livestock A simple statement of protein content indi- 
cated by (N X 6 25) is all that he needs This means that v.e do 
not need to concern ourselves with the protein quality of any 
roughages nor of any concentrates that are of use only m the feeding 
of herbivors 

For other species, the omnivors and camivors, however, the assort- 
ment of amino acids reeded ts not constant, but depends on the 
physiological activity at the time Digestive enzymes arc of different 
ammo acid composition from the enzyme myosin or from milk protein 
or that of wool or hair Not only are the rates and extent of these 
demands for ammo acids fluctuating hour by hour but the special 
functions of some of them such as of detoxication and of the produc- 
tion of immune bodies are not continuous Thus there cannot be a 
fixed biological quality of any protein 
The question thus arises as to whether for most practical feeding, 
one can ever hope to provide animals with a perfect protein Or 
whether if it were possible, « would be feasible For a herd of swine, 
for example, how many different feed mixtures will it be either 
economical or even feasible to employ^ 

One wonders if it will not suffice to group feedstuffs into categones 
as to the nature of their proteui, so that those short of lysine are 
separated from those lacking sulfur-contammg acids, etc Such a 
practice would be a guide in feed substitution to prevent the un- 
witting choice of several feeds with a common deficiency, as well 
as a help in obtainmg the benefits of the supplementary values of 
nch sources of any acids deficient m certain feeds 

After all except for cases of gross deficiency of essential ammo 
acids the chief advantages of using rations with proteins of high 
biologic values is m the possibihty of using lower levels of total 
protein — an economic problem This possible saving must therefore 
be balanced against the cost of restnetmg feed selection in ration 
formulation as well as the practicability of adjusting feeding practice 
critically enough to realize any difference in potential efficiency of 
the ration of the higher protein quality 
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Supplementary Values of Protein 

The biological value of a digestible protein fed m amounts not 
exceeding requirements and m an energy adequate diet, it is generally 
agreed, depends pnmarily on its assortment of essential ammo acids 
As proteins of increasingly poorer biological value are fed, there are 
correspondingly larger and larger quantities of surplus amino acids 
that will not be utilized to meet protein needs of the body Rather, 
they may be deaminized and eventually oxidized for their energy 
Jf, however, two or more protejns, each of imperfect biologies] 
value because of different specific ammo acid shortages, are combined 
m the ration, there may be mutual amino acid supplementation of 
each of the original proteins with a consequent enhancement of the 
biological value of the mixture over that of the separate components 
We can illustrate the situation as it is believed to exist by a ridicu- 
lously over-simplified and, of course, purely hypothetical example 
Assume that some essential protein tissue, as an enzyme, consists 
of five amino acids A, B, C, D, C, m the proportions of 48, 10, 4, 
32, 6 We might describe such a tissue as 

Am Bio D I* Ef 

and if such an assortment were supplied to the animal (as the ration 
protein), wc miglit expect all of it to be used That is, it would have 
a biological value of lOO^c 

Now assume that wc offer this animal a protein of the following 
description 

Protein I /!- Cz 

Its usefulness IS reduced because of a rchli\c shortage of A and C 
As compared to the ideal, tins protein will permit onl) h ilf ns much 
of the cn7\mc to Ik* sjnlhcsircd Tlic biolocical value of half of this 
protein will be 100 but of the whole protein it will be onlv SO Tlic 
rcnnining assortment of ammo acids Invc no biological value as far 
as the svnthcsis of our cnz>mc is concerned, because ihcrc is no C 
acid For example, 
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Used for synthesis Cj Die £3 = 50 % (Biological Value 100 ) 

Used for energy /I2B23 C’oDisEi — 50 % (Biological Value 0 ) 

This residue of ammo acids is often referred to as the supple- 
mentary fraction of a protein It is the total of the amino acids that 
could not be used m protein tissue synthesis because of the absence 
of one or more essential ones 

One of two thmgs can be done to salvage some or all of this resi- 
due Pure ammo acids may be fed with the protein to correct its 
deficiency of acids A and C Such amendments to correct methionine 
shortage are now economical and commonly employed where this 
deficiency is the cause of the low biological value The practical use- 
fulness of this procedure generally is hmned by presently available 
knowledge of specific requirements and of the ammo acid assortments 
of many feeds Experimentally, the consequences of such amend- 
ments have been demonstrated by Baumann* who fed mice on a 
purified diet, excepting for protein that was derived m different tests 
from casein, fibrin, or from oxidized casein The results may be 
summarized in tabular form as in Table 4 6 


TABLE 4-6 EQect oj Supplementing a Deficient Protein mth the 
Mtsstng Ammo Acids 




% el rngetled am no ocidi 

Frote n fed 

Supplement 

excreted m vnt 


Catein 

none 

3 9% 


rbrn 

1 

Methionine 

1 5% 


Ozid xed cote n 

I Cytfine 

L Tryptophane 

10% or leu 

Ox d xed caie n* 

( Methionine 

1 Cy.t ne 

13«%1 

1 Av of 25% of am no acidt 

Oxid zed cate n- 

j Tryptophone 
lCy«ne 

10 38 % 1 

1 other then the one dehoent 


i Biol Chem V I6S p 27 (1947) 
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Evidently when a protein low in some amino acid is fed, only 
that quantity of the other amino acids needed to match the one in 
short supply can be used, and the surplus is excreted in the urine. 
Thus, in a tryptophane + methionine deficient protein high excretions 
of other amino acids occur. Tliis ceases when tryptophane + methio- 
nine is added to the diet. In these tests the excretion fell from an 
average of 25% to about 10% when the amino acid deficiency was 
made good. The test also indicated that the fate of the surplus amino 
acids from deficient protein is not entirely one of deamination and 
subsequent oxidation for energy. 

The second and more often used procedure for improving the 
biological value of a feed mixture is that of employing protein mix- 
tures. If two or more proteins of low biological value but of differing 
amino acid assortment are combined, they may provide mutual sup- 
plementation of deficiencies. 

To return to our example, assume we have available a second 
protein as follows: 

Protein II — 100 

This protein has a surplus of C but still is of relatively low biological 
value, as we can see if we compare it to the ideal: 

Used for synthesis Azo Bi Cz = 64% 

Used for energy Axz Bu Cz Do Ez = 36% 

Thus, our protein II has a biological value of 64% as compared to 
protein I, and correspondingly a smaller wastage of amino acids. 
Furthermore, this wastage differs from that of protein I. The residue 
from 1 contains no C, while that from II contains no D. Besides that, 
protein 11 residue has a considerable quantity of A, while that of pro- 
tein 1 has almost none. Mixing these two proteins should, therefore, 
result in a biological value of the combination greater ilian tlie mean 

50 + 64 

biological ypluc of proteins I + II of ^ = 57. 

In terms of our example wc may illustrate by mixing equal quan- 
tities of proteins I and 11 and wniparing the average amino acid 
assortment with our ideal; 
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Ideal A 4 S OtoCt D 32 ^6 

Protein I A 2 e Os* C 2 Dzi E\o 
II At« Bi^Cc D 20 I^io 

Mixture 

of I + II A’t Ci D 21 Sia 
Used for s>Tithcsis A-m D, Ca — 15% 

Used for energy Ao B\e Cj Da E>, — 25% 

Thus b> mixing proteins I and II \\c obtain a protein complex, 
75% of which may be used for our enz>me synthesis as compared 
to 579o expected as the mean of the two proteins we have cmplojed 
Mitchell gives a numerical rating for the supplementary value 
of the protein of feeds It is the complement of the biological value, 
i e , It is the percentage of the digested protein that is not usable 
for the protem needs of the body In our example, protein I would 
have a supplementary value of 50%, protein II one of 36%, while 
that of the mixture would be 25% 

It does not always follow that proteins having the lowest biological 
values will m actual fact have the greatest supplementary value, for 
obviously the enhancement of biological values by mixtures depends 
on mutual supplementation of ammo acid deficiencies Proteins with 
quantitatively similar deficiencies will not likely show effective sup- 
plementary values if combined Thus, m practice, mixtures of proteins 
of plant ongin are not so effective in providing high protein quality 
m the ration as combinations of plant with animal or manne proteins 


PROBLEMS 


1 In the 1955 N R C Swine Standards the quantitative requirements 
of young pigs for essential ammo acids are given Tabulate this list 
and compare it to the corresponding figures for the amino acid 
make-up of egg protem Are we justified m assuming the “egg distri 
button of essential ammo acids is biologically ideaP 

2 Compare with the swine requirement in the same way the ammo 
acid make up of fish meal milk powder, soybean oilmeal, com, and 
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oats Does this comparison give any qualitative suggestion as to 
desirable feed combinations for young pigs"^ 

3 Compute the essential ammo acid index (see page 86) for the No 
1 swine ration shown m Table 8, p 16, of the 1955 NRC Swine 
Standard Plot the curve listing the ammo acids m the same order as 
in the graph on page 87 What suggestions do you have for improv- 
ing the biological value of the protein mixture of this ration'^ 
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CHAPTER 


Digestible Nutrients 


WE HAVE DISCUSSED several terms and expressions which are 
commonly used m describing feedstuffs Some of these have been 
descriptions of the physical nature of the feed, some have been 
descriptions in chemical terms All of these descriptions have one 
feature in common, they are based on the assumpuon that if a feed 
has this or that nutntional characteristic the animal can make use 
of It We assume, for example, that because there is 15% of protein 
or 60% carbohydrate in a ration eaten that the animal has all of it 
to use Unfortunately, this assumption is not true In fact we must 
consider that ingested food is still outside the body until it has been 
absorbed through the wall of some part of the digestive system and 
has gotten into the circulating fluids of the body 

The term digesubilily is usually taken to imply that nutnents, or 
parent substances of nutrients, which are attacked by some digestive 
enzyme in the digestive system or are broken down by microflora, 
are absorbed Consequently, the term digestion as ordinarily employed 
implies both digestion and absorption, and we shall follow this con- 
cept in our discussions in this book 

'We can eft course, go muen 'lurther than mere digestibility and 
include some of the reactions in intermediary metabolism in desenb- 
ing nutritive properties of feeds, but for most cases information con- 
cerning the extent to which a nutrient m a feed is digested is of the 
greater practical value One reason why this information is so im- 
portant is because differences in the digesUbiliiy of different feeds 
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to digestibility Dietary protein is attacked in the alimentary canal 
by digestive fluids and also by microorganisms Consequently, in 
addition to any undigested protein from the diet itself, the feces may 
contain protein of bacterial origin Furthermore, some previously 
digested and absorbed protein will have been metabolized into com- 
pounds that later are re-excreted into the digestive tract as digestive 
enzymes, some of which will be passed out of the body m the feces 
Thus, feces will contain nitrogenous material from three sources, i e , 
bacterial nitrogen, spent digestive fluid nitrogen, and undigested diet 
residue nitrogen There may also be small amounts of nitrogen coming 
from abraded intestinal mucosa, the amount of which is influenced 
by the quantity of dry matter consumed Except for that represented 
by the digestive fluids, the nitrogen that was absorbed will eventually 
be excreted via the unne Thus we see that apparent digestibility 
of protem (or of nitrogen) is not as accurately indicative of the 
extent to which the dietary protein was really digested, as with car* 
bohydrate, but m practical feeding it is, nevertheless, an index of the 
extent to which the dietary protem is potentially useful 

Dietary fat is perhaps in the same category as dietary protein, in 
that some of the fat of the feces may actually have been synthesized 
by bactena and, thus, may erroneously be considered as a diet resi- 
due Some of the bactenal (at may have been synthesized from car- 
bohydrate or protem rather than from diet fat itself However, since 
most animal diets contain only three or four per cent of fat, the 
error introduced is never large in terms of the total energy involved 
We can understand therefore, that digestibility is not an equally 
useful descriptive terra for all nutnents In fact, digestibility is not 
Ordinarily determined at all for the mineral elements or for the 
vitamins Instead mineral balances are earned out in which all of 
the output IS balanced against the total intake m an attempt to 
tneasuTe the fraction of the mtahe that is retained in the body Thus 
we find that coefficients of digestibility are ordinarily considered only 
for total dry matter, total energy, protem, fat, carbohydrate and its 
fractions of nitrogen free extract, cellulose, hemicellulose, or crude 
fiber 

The coefficients of digestibility of the various organic fractions of 
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the proximate analysis have been determined for most of the com- 
monly used feeding stuffs It is from such coefficients, together with 
the proximate analysis data, that we calculate the total digestible 
nutrients (TDN) of feeds 

In practice, the coefficients of digestibility of these proximate prin- 
ciples and the calculated total digestible nutnents for feeds have 
been taken as constants and have, therefore, been used as a means 
of describing the feeding values in terms of available energy and 
digestible protein Feeding standards have been set up in which the 
requirements of animals are also described in these terms 

The facts are, however, that digestion coefficients are not biological 
constants, and consequently total digestible nutrients values are not 
constants, and we must use such descriptive terms with a realization 
of their limitations if we are not to arrive at erroneous conclusions 
from them It will be desirable at this point, therefore, to consider 
some of the problems in the determination of the coefficients of di- 
gestibility m order that we may more fully realize their limitations 

Tcchnicttl Problems m the Determination of 

Coefficients of Apparent Digestibility 

As wc have already indicated, a measurement of the digestibility 
of a nutrient is csscnliaHy a bookkeeping job The coincntional 
method of doing digestibility requires an accurate record of feed 
intake and of fcccs output From this information, together with a 
chemical analysis for the nutrient, the digestibility is actually calcu- 
lated An example, m the case of protein, is given below 

^ digcstibiliti of protein = 

Tdry vvt. of ^ protein*"] _ P dry vvt of ^ Cp protein"! 

Ldict eaten ^ in diet J Lfcccs voided m fcccs J ^ jqq 
dr> vvt of diet eaten x protein m diet 

example Given the following data from a dmcstion (rial 

* Since protein I' ilcicfmmctl from a N ihe compulations itrc 

orilinjnI> enmed out with N fifufcs nihcr itnn the (N v r,25) protein 
s allies 
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Amount feed eaten 100 gms 

>1 m feed 3 ^ 

Amount feces voided 25 gms 

N m feces 2 % 

1(100 X 37^') - f25 X 2rc')l X lOq 

% Dig of (or piotem) 100 X i% 

(3 - S) X 100 250 

3 “3 

= 83 3% 


The first real technical problem involved m the determination is 
to get a satisfactory measure of the feces belonging to the measured 
feed intake For the omnivora and carnivora the feces belonging to a 
given food intake are often identified by the use of markers Markers 
are usually colored substances that can be consumed as a part of the 
first meal of a digestion test and again as a part of the first meal after 
the conclusion of the test Their function is to color the feces subse- 
quently produced from those feedings The animal is housed in a 
suitable stall or pen during the term of the trial and the feces are 
collected beginning with the first excretion that is colored by the 
first marker and continuing until the appearance of the second 
marker This quantity of feces is taken to represent the residue from 
the diet consumed from the first marked meal to the last unmarked 
meal, inclusive 

Commonly used markers are iron oxide, bone black, and chrome 
green 

The marker system for these species is reasonably satisfactory, as 
measured by the reproducibility of the digestibility coefficients m 
repeated tests However, we get some variation in results in such 
replicates, and a part of it is due to the fact that markers sometimes 
diffuse into adjacent unmarked meals, and, consequently, the sepa- 
ration of feces is not completely accurate The errors, however, are 
usually random and are minimized by using several animals and 
averaging the results 

Marker methods are not satisfactory for use with herbivorous 
animals because the material from adjacent feedings is mixed, either 
in the rumen or m the caecum with the result that markers can give 
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no sharp division between feedings Markers are sometimes elim- 
mated by cattle over a period of 4 days after having been fed at some 
particular feeding For herbivorous animals, therefore, experimenters 
have resorted to time collections for the determination of most of 
the digestion coefficients that are now published 

The assumption we make in all digestion studies where we use 
time collections is that if a constant daily intake of a diet can be 
arranged over a sufficiently long period, the dady output of feces 
will also remain relatively constant, and that between fixed time 
intervals the feces collected represent quantitatively the output from 
the ration consumed over an equal period of time This assumption 
IS valid only when time collection periods are of several days dura- 
tion, in order that fluctuations from day to day may be balanced out 
Thus, whereas with marker methods we may have to continue the 
feeding of the test meal no longer than a week, we may have to 
continue the feeding for as much as three weeks in the case of eattle, 
in order to minimize errors m the estimation of the appropriate 
quantity of feces to be used in the digestibility calculations 

Index Methods. We can avoid the need for quantitative collection 
of feces and quantitative records of feed intake m some cases by 
the use of index substances Index substances are materials that may 
be consumed by, or administered to, an animal, but that are entirely 
inert m the digestive system and are completely and regularly ex- 
creted uniformly mixed with the fecal material Where this method 
IS used the digestibility is determined from differences in the con- 
centration of the index substance in the feed and its concentration 
m the corresponding fecal output 

Chromic oxide (Cr^O,) or chrome green is the most commonly 
used index substance at the present time Where the same combina- 
tion of feed IS fed at all feedings the chromic oxide may sometimes 
be mixed in fixed proportion ssilh the batch as a means of getting it 
into the animal With rations made up of combinations of roughage 
and gram in differing proportions, or with diets in which the supple- 
ments and the basal feeds arc fed separately, it is sometimes better 
to administer the index substance in a capsule The quantity to be 



102 - Applied Animal Nuirfiion 

administered will depend on the amount of feed eaten, tor the con- 
centration of the index substanee in the feed must remain constant 
over the test period 

The calculations involved m the digestibility of protein where 
we use the index method is as follows 

% digestibility ot ^ [(n X %N,) - (h X cjNetl X 100 
nitrogen (or protein) (o x ‘^Ni) 

Where a is the concentration of the index in the feed, and b its 
concentration in the feces, and N| and N- arc the per cent of nitrogen 
in the feed and feces respectively 

Example 

In a 1 gram sample of feed carrying 3%Ni, 4 mg of CroO-j is found 
and m a 1 gram sample of feces analyzing 3 2^Nj there is 16 mg 
Cr.Oj The digestibility of the protein is therefore 

■ [f- ^1x100 

1 X 3% ^ 

4 4 

10075 - 0021 X 100 
0075 

= 73 3% 


QuantitatiYe Feed Records. There are also some problems in ob- 
taining a quantitative record of feed intake Let us suppose, for 
example, that 100 units of some ration are offered to an animal that 
IS to serve as a subject for a digestion trial For some reasons that 
may not be known this animal may consume 95 parts of this material 
and refuse the balance If it is dry matter for which we are deter- 
mining the digestibility, there is no particular problem, for we can 
simply recover the uneaten feed, weigh it, subtract it from the total 
offered, and have a record of the dry substance that was actually 
consumed If however, we arc attempting to determine the dicestibil- 
ity of some nutrient such as protein, then the problem may be com- 
plicated by the fact that the concentration of protein m the refused 
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portion of the feed may not be the same as the concentration of the 
protein in the part that was eaten Perhaps this problem also can be 
solved by recovering the uneaten feed, analyzing for nitrogen and 
calculating its probable protein, and deducting that from the protein 
of the total feed offered 

Such correction of feed offered to take account of portions refused, 
may be satisfactory if we are merely concerned with the theoretical 
consideration of what a given intake of a nutrient actually does m 
terms of the response of an animal But it we are attempting to evalu- 
ate a food in terms of the usable nutrients it will furnish to an 
animal, we cannot disregard portions that are refused It these por- 
tions are consistently refused, because they are to all intent and 
purpose inedible portions, then a knowledge of the digestibility of a 
selected portion of the protein of the feed is of httle practical use 
Let us suppose that an allowance of com stover or straw is offered 
to an animal, and varying quantities of it are refused To determine 
the digestibility of the portion eaten without regard to the uneaten 
portion gives a much higher valuation to the product than is war- 
ranted This IS m effect what happens when the nutrients of refused 
feed are subtracted from the total offered in determining the digest- 
ibility Some investigators feel that the refused feed and the nutrients 
which it contains should be added to the corresponding nutrients in 
the feces This, in effect, charges against the value of the feed not 
only that which appears in the feces but that which is not edible 

Indirect Digcstibilitj. Thus far in our consideration of digestibil- 
ity we have been concerned with problems where the feed in question 
constitutes the sole ration However, for most animals there are but 
relatively few feedstuffs that can constitute the entire ration for long 
cnougli to determine their digestibility When mixtures arc fed there 
IS no particular problem in determining how much of a nutrient came 
from one feed and how much from another It is not possible, how- 
ever, to make any such separation m the case of the feces Conse- 
quently, It IS not possible to measure directly the digestibility of a 
feed that is fed in combination with some other feed We must resort 
to indirect methods 



104 - Applied Animal Nutrition 
To determine the digestibility of some feed or feed component by 
indirect procedures, two or more digestion trials arc necessary In 
one of these the diet without the foodstuff in question is fed and the 
digestibility of Its nutrients determined In a subsequent test the same 
diet (often referred to as the basal diet) is fed mixed with the food 
that is to be tested The total fecal output is measured as usual Then, 
on the assumption that the nutncnl in the original basal diet shows 
the same percentage digestibility as it did in the first lest when it 
constituted the whole of the diet, we estimate the amount of nutrient 
in the feces of the second digestion trial, presumably belonging to 
the basal portion of the ration The remaining fecal nutrient is 
considered to have come from the food being tested 

Suppose, for example, we wish to test the dry matter digestibility 
of a dairy cow meal mixture It is not possible to feed a meal mixture 
as a sole diet to dairy cows, since without roughage they soon refuse 
food On the other hand, a roughage such as alfalfa meal can con- 
stitute the entire ration Consequently, we conduct our digestion trial 
with alfalfa as the basal feed Assume that in this particular case 
40% of the dry matter consumed was recovered m the feces 
Now we must conduct a second digestion trial, and m it we 
might feed 10 lbs of alfalfa plus 10 Jbs of a meal mixture, from 
which a total of 5 lbs of dry feces is produced We now assume that 
from the 10 lbs of alfalfa eaten m this second test, 40% of it has 
reappeared in the feces, i e , that of the 5 lbs of feces produced m the 
second digestion trial 4 lbs ot it came Irom the alfalfa The other one 
pound of fecal dry matter we consider to be a residue from the meal 
mixture The digestibility of the meal mixture would then be calcu- 
lated as 


10 - I 

X 100= 90% 

The assumpuon in this procedure that mumg two foods together 
does not alter the d.gesubihty ot either one over that which it would 
have shown if ted alone is often unwarranted For example, with 
some poor quality roughage we may find that the digestibihty of its 
dry matter is relatively poor Inasmuch as the dtgesttbihty of such 
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material is largely dependent on the activity of microflora which 
break down the cellulose and make the resulting fatty acids available 
to the animal, it is conceivable that a meal supplement, especially 
one tliat contains suitable food for bacteria, if fed with the roughage 
might result in a more complete digestibility of tlie cellulose portion 
of the poor roughage. By the method 0 / indirect digestibility any im- 
provement in the digestibility oj roughage would actually be credited 
to the meal supplement, whereas in reality it may have been an 
improvement in the digestibility of the roughage itself which was 
involved. (Fig. 5-2 is an attempt to illustrate this situation.) 

In this figure we assume that molasses as Food B added to some 
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Following ingestion microflora attack exposed cellulose and/or 
soluble carbohydrates Part of the cellulose thus becomes soluble 
in the sense that its end products are absorbable and yield energy 
The extent of the bacterial attack on cellulose may be conditioned 
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matenal called Food A may depress the digestibility by diverting 
bacteria from the job of breaking down cellulose, while the adding of 
Food C to Food A may actually increase the bacterial activity and 
hence increase the digestibility of Food A This interaction between 
foods IS sometimes referred to as associative digestibility 

The Arithmetic In actually working out the coefficient of digestibil- 
ity of a feed that is fed m combniation with some basal diet, we may 
understand the problem more easily if we remember that the coeffi- 
cient determined for the combined diet, i e , the basal diet plus the 
supplemental food being tested, is actually the weighted mean of the 
digestion coefficients for the basal diet alone and the supplemental 
feed alone If these relationships are put into formula some interest- 
ing and significant facts may be shown 
The general formula is 

(B X 6) + (5 X ^) = r (t + s) 

where b and s are the proportions of basal and of supplement used in 
100 parts of the mixed or total diet, and B S and 7 are the coeffi 
cients of digestibility for the basal diet, the supplement and for the 
mixture of the two respectively 
By definition then 


by the nature of the other food u / hc/i may di\crt or reduce the 
flora from such attack or m other cases stimulaie it This action 
may reflect more a decrease or increase m total flora than a chanqe 
in Mgor of action 

The end result mav be an increase in the quantit\ of proteins solu 
hie carbohydrate and unchanged ceUiilo\c in the feces (decreased 
digestion ) as with Food D or the reserse as with T ood C 

There may he otlur causes of associatne effects such as the con 
serston of dietary protein to bactcnally synthesized carbohydrate or 
fat 

The significance of such effects is that while in our example the 
alieraiion in digcstihilits is with Food A the change is aciiiiilh 
charged against the second foot! whose diqestihihn is calculated 
indincily and on the tacit assumption that the diqestihility of F ood 
A has not changed as a consequence of the addition of the other food 
Thus metaholizahle salitis for such products mas he crroneoinly 
high or low and in fact may ht found sanahle depending on tin 
diet in which thes are used 
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b — (100 — s) and 
(100-6) 

The coefficient of digestibility of the supplement may then be shown 
as 

iSXs)- -B (100 ~j) + T (100) 

= -100 B + Bs+ 100 T 
= 100 (T-B + Bs) 

s 

Thus, the digestibility of the supplement (S) is equal to the digestibil- 
ity of the basal diet (B) plus the difference between the coefficients 
of digestibility for the basal diet (B) and that of the total mixed 
diet (T) divided by the proportion of supplement (j) involved 
Let us suppose that by expenment the following values have been 
determined 

r = 9i% 

B = 90% 


with the mixed diet containing 20% of supplement 

The digestibility of the supplement will then be obtained by solv- 
ing the equation 




In cattle rations one must usually employ hay as the basal ration, 
in which case the coefficients for the hay (B) m the one trial, and 
for the hay plus meal (T) in the second tnal might be 

T= 60 
B = 50 


and let us assume that the proportion of meal was 40% of the total 
dry ration, then the digestibility of the meal mixture would be calcu- 
lated as follows 


,_ 100 (60 - 50 )^^^ 


= 75 % 
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Effect of Variability 

We have made no mention so far of the fact that comparable 
animals vary in their digestibility of identical rations. Some inves- 
tigators beUeve that if coefficients of digestibility can be reproduced 
within five percentage units they are acceptably accurate. In experi- 
ments at Macdonald College variability in coefficients of digestibility 
of dry matter for four different species as measured by the standard 
deviation has been found as follows: 


Species 

Human 

Rat 

Guinea pig 

Swine 

Sheep 


Standard deviations of 
coefficients of digestion 
of dry matter 
~ ±0.93 

±0.85 
± 2.80 
±0.52 
± 1.33 


The question to be answered is, how much difference must be 
observed between the digestibility of a basal diet (B) and that of the 
combination of basal plus supplement (T) before we can legitimately 
claim that the supplement (S) really differed at all from the basal 
diet in digestibility? This question can be answered from the standard 
deviation of the coefficients of digestibility. The standard deviation 
of a difference between two coefficients is equal to the standard 
deviation of a single coefficient times the square root of 2. 

If we demand a probability of being right in 95% of the cases 
(odds of 19 to 1), we must approximately double this value. We can 
increase the accuracy of our figures by using several animals in each 
group to determine the digestibility figures. The final equation for 
the necessary difference between the digestibility of the total diet (T) 
and that of the basal diet (B) can be written as follows: 

Necessary difference between 

(D and (B) = ± X xA X 2 J 
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Assuming that we have 4 sheep in a group the numencal value for the 
necessary difference between T and B works out as follows 

(j- B) = X I 414 X 2 

V4 

= ±1 86 

Thus, we see that for identical diets we shall have to expect diges- 
tion coefficients based on an average of 4 sheep per group to differ, by 
almost 2 percentage units, because of the operation of all of those 
factors that eventually lead to variation in digestibility If we now 
go back to our example of the 60-40 combination of hay and gram 
in which the digestibility of the basal diet (the haj) was 50%, and 
the digestibility of the mixture (T) was 60%, and using 4 sheep per 
group for the test, we can calculate how much the digestibility coeffi- 
cient for the total ration fed must differ from that of the basal diet 
before we can claim there is any real difference between the sup- 
plement and the basal diet The calculation is as follows 

Necessary difference between 

digestibility of the total ration (T) = IPP (^1 86) _ 

and that of basal ration (B) 


This calculation tells us that we might find in two replicate tests 
as much as :t:4 7 percentage points difference in digestibility between 
identical diets 

To go back again to our example in which a mixture of 40% meal 
and 60% roughage was fed we can interpret the digestibility of the 
supplement as follows 


Probable digestibility of 5 = 100 — ^0) 1 86] ^ 

= 100 

= 70 3% - 79 7% 

This, of course, is the same thing as saying that the probable 
(f* — 05) digestibility of the supplement is 75% :±i 4 7 

It v^Ul be evident from the fonnulae presented above that the ntae- 
nitade of Ihe necessary diflenmee between digestibility of snppfement 
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and basal diet to cover random vanability is much influenced both 
by the numbers of animals on which the mean digestibility coefficients 
are determined, and by the proportions of supplement used in the 
final diet fed Using the variation of digestion coefficients of dry 
matter for sheep again, we have calculated a senes of values to show 
quantitatively these effects Those values are presented in Table 5-1 


TABLE 5-1 Fiducial Limits (P = 05) Applicable to Mean Coeffi- 
cients of Digestibility by Sheep of Feeds Determined Indirectly 


Proportion of supplement 


Number of sheep per group 


m ration fed 

t 

5 

10 

10% 

±376 

169 

119 

20% 

188 

84 

60 

30% 

125 

56 

40 

J0% 

94 

42 

30 

50% 

75 

34 

24 


The example case above m which the digestibility of a meal mixture 
IS estimated by feeding first a basal diet of hay alone and subse- 
quently a mixture of hay and meal, is reasonably clear-cut There are 
many cases, however, m which rather unexpected consequences of 
the inherent variability of digestion coefficients come to light Let us 
assume, for example, a pig ration in which the digestibility of the 
basal diet is 75% If, now, to this we add 5% of molasses, and feed 
this new mixture m order eventually to calculate the probable diges- 
tibility of the dry matter of molasses, and assuming that the S D of 
the dry matter digestibility coefficients for swine is 52, we discover 
that we cannot prove that the molasses differs in digestibility from 
the basal meal mixture The allowance which we must make above 
and below the digestibility of the dry matter of the meal mixture 
vviihout the molasses turns out to be approximately 29 units of per 
cent, and 29 units of per cent plus 75% is more than 100% In 
other ssords, if we haNC onI> one pig on which to calculate the digest- 
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ibilily we may expect to get differences in successive tests as great 
as ±29 percentage units between the molasses containing diet and 
the plain diet due to errors of the test alone If we can add 10% of 
molasses to the basal diet, then the allowance we must make is 
approximately 15 units of per cent, from which we would estimate 
that the digestibility of the molasses was not less than 90% If four 
pigs were available m each group, and we used 5 % of molasses, we 
would have the same result as if we had used only one pig m a group 
and had 10% of molasses 

These figures should make it clear that digestibility coefficients, 
and particularly those that we must determine mdirectly, are not con- 
stants, and, consequently, that total digestible nutrient values also are 
not constants There is inherent in all such figures a certain minimum 
of variability, which we must recognize m any sound interpretation 
of values that involve their use 

This, of course, does not mean that digestion coefficients and calcu- 
lated digestible nutcient values ate not useful in measuring feed 
values It does explain, however, why, under many conditions, the cal- 
culated TDN value for a feed or particularly for a ration, may lead 
us to expect certain performance of the animals that we fail to get 
A pan of this failure is because the TDN values that appear in Feed- 
ing Standards are subject to the same uncertainties as are those for 
the rations that we prepare to meet these Standards, and it is not 
surprising, therefore, that all too often a ration that by calculation 
contains certain TDN values and certain digestible protein values 
still does not permit or encourage an animal to grow or to produce 
in accordance with expectations 


Carbery's Method of Determining Digestibility 

There is another method we can sometimes use to arrive at the 
probable digestibility of a supplement that is fed in conjunction 
with some other feed In this method it is necessary to conduct a 
senes of at least three digestion tnals m which in successive tests 
increasing proportions of the supplement to basal feed are involved 
If the supplement is of higher digesubility than the rest of the ration, 
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then by adding it to the ration the average digestibility of the total 
should be increased. And the rate at which this digestibility increases 
with increasing proportions of supplement is, in fact, the coefficient 
of digestibility we can credit to the supplement. We still must assume 
that the digestibility of the rest of the ration has not changed because 
of the supplement additions. 

Data from such a series of trials can be plotted on a graph and 



Fig. 5*3. Carbery's method of calculating digestibility of supplementary 
feed in a ration. 

the digestibility of the supplement determined from the slope of the 
line best fitting the exerimenlally determined points. 

To set up this graph we use the ordinates to plot the total amounts 
of diet eaten and on the same scale the total amounts of the diet 
digested. Along the axis we lay off appropriate intervals in ac- 
cordance with the quantities of supplement added to the basal diet. 
Fig. 5-3 depicts the results of a test in which to 100 units of basal 
diet there were added in successive trials 5, 10, 15, and finally 20 
units of supplement. 

Thus, there are points on the graph corresponding to the intersec- 
tion of 5 and 105; 10 and 110; 15 and 115; and 20 and 120 units 
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of feed eaten These points of intersection are connected and if 
extrapolated to the 0 supplement ordinate it should cut it at the 
100 units mark We now plot a second set of points on the same 
graph representing the average amount of the rations digested As- 
sume these points to be 96, 99, 106, and 108 for the four levels of 
supplement The best fitting straight hne representing these four 
points is now drawn and this is extrapolated also to the 0 supplement 
ordinate In the example case this regression cuts the 0 ordmate at 
90, which means that when no supplement is added to the basal diet 
we can predict its digestibility to be 90% (i e , 90 out of 100 con- 
sumed) If we measure the slope of this regression line connecting 
the points for the amounts digested at the four different trials, we 
find that for 15 2 units of supplement, 14 2 were digested The per 
cent of digestibility of supplement is, therefore (14 2 — 152) X 
100 =s 92 5% This method helps to find the most probable digest- 
ibility of a supplement, since the regression indicates the trend with 
due regard to the variability of the individual tests The method 
becomes more precise as we increase the number of different basal- 
supplement mixtures tested, since this gives more points from which 
to establish the regression line Its chief limitation is the requirement 
that several digestion trials shall be conducted with varying propor- 
tions of the same supplement and basal diet This procedure becomes 
costly and time consuming However, where the supplement and the 
basal diet are closely alike m digestibility such a senes of tests may 
be a valuable scheme for obtaining a reasonable estimate of the 
digestibility of the supplement 

Coefficients of Apparent Digestibility and 
the Proximate Analysis 

Schneider* has examined critically the sources of vanabihty in 
digestibility data and has shown that the apparent digestibility of a 
teed IS inlliienced by the proximate analysis His finding means that 
feeds of the same name, but which differ in chemical make-up, will 
show differing digestibilities This tact would be particularly impor- 
•/ Animal Sci V 9 p 373 (19S0) 
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tant in the case of forages where chemical composition changes 
radically with the stage of maturity, although the feed is still called 
by the one name It will also be important in feeds where m the 
milling process the chemical composition may be altered Thus, there 
are different protein levels in the cottonseed meals Furthermore, 
there are marked diffeiences in chemical composition of cereal grains 
The protein content of barley, for example, runs all the way from 9% 
to about 19%, and other grams show similar magnitude of vanability 
m this nutrient Any change in the composition as to protein must 
be reflected in a change in the composition of one or more of the 
other proximate principles 

Schneider* has shown that somewhere between 30 and 50% of the 
total variability m the digestibility of differing samples of the same 
feed can be traced to one or another, or to a combination of the 
proximate principles 

For animal feedstuffs he has worked out values to be used in 
regression equations for predicting the digestibility from their proxi- 
mate analysis The equation in simple form is as follows 
y = C + bjTi + b X'> + biX-i + biXi 
In this equation C is a constant that is specific for the nutrient and 
the class of feed under consideration The b’s are the partial regres- 
sion coefficients, and the x’s the moisture-free percentages of protein, 
crude fiber, nitrogen free extract and ether extract respectively for 
the samp}e of feed for which it is desired to estimate the digestibility 
from the proximate analysis The b values for a considerable number 
of feeds have been worked out by Schneider and can be found in 
his piper published in tlie Journal of Animal Science, V 111, 
February, 1952 

An example of the application of this equation is as follows. 

Given a feed analyzing 

Protein 6 5% 

Crude fiber 34 2% 

N-frcc extract 47 4% 

Ether extract 2 1 % 

•; /lH/mnf5ci V 9. p ^04(J9'0) 
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Taking the equation above and substituting m it the values for b and 
for X as given m Schneider’s table, vre find the digestibility estimated 
as 

Y = 215 8 - (2 489 X 6 5) - (2 820 X 34 2) - ( 891 X 47 4) 

= 61 9% 

The extent to which the differences m chemical composition may 
affect the apparent digestibility are indicated in the case of two 
samples of linseed oilmeal, the one carrying 35% protein and the 
other 32 6% Using the appropriate constants from Schneider’s tables 
again, we find that the 35% protein linseed oilmeal would be esti- 
mated at 78 3% digestibility, while the protein of the other would 
be 86 3% 

This calculation is but another way of saying that with equal dry 
matter intake, increases m the concentration of protein (i e , in- 
creases in the per cent of protein in the ration) are not matched by 
equivalent fecal protein output This effect is exaggerated by the fact 
that the amount of metabolic fecal protein is related to the amount of 
dry matter eaten, but not to the level of protein The situation may 
be illustrated by data from a rat test,* in which a highly digested 
protein was fed m varying levels Thus, the fecal N was almost en- 
tirely metabolic and bactenal The intake-output relations are shown 
in Fig 5 4, and Table 5 2 

The result of the situation shown is that the fecal output becomes 
a smaller and smaller fraction of the intake as intake increases, and 
hence the per cent apparently digested increases with the per cent of 
protein m the ration 

In comparison, studies with pig rations, showed that natural fiber 
depresses digestibility of protein more than protein level mcreases it, 
and thus rations of increasing protein and decreasing fiber will show 
a different effect on protein digestion from combinations in which 
increases of fiber are associated with decreases in protein concentra- 
tion 

It should be clear that descriptions of feeds m terms of the digest- 
ibility of their nutnents ’ can be given only in general terms Average 

• Crampton and Rutherford J Nut V 54, p 445 (1954) 
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values will be useful but cannot be taken as constant characteristics 
applicable to all samples 


PROBLEMS 

1 Tabulate from the data m Feeds of the World (Schneider) the TDN 
values for corn, barley, oats, wheat in such a way as to compare 
the differences in the figures, both m the case of cattle and of swine, 
according to whether the feed constituted the entire ration (direct 
determination) or was fed along with another feed and the digestibility 
therefore determined “indirectly.” How well do these figures compare 
within species? 

2 What proportion of the feeds given m the appendix tables of this 
book could be fed as the entire ration to cattle, to growing pigs*^ 

3 Do you think typical or average TDN values should be relied on to 
predict the useful energy values of feed mixtures intended for live- 
stock feeding*’ Be careful — the answer here will require thought 
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Now BEFORE leaving this section, let us recapitulate some of the 
terms that we have been discussing The important ‘ones are listed 
below 

Name Classification Moisture Protein Total, Digestible, Qual- 
ity Biological Value, Replacement Value, Chemical Score, Essential 

Ammo Acid Index Ether Extract, Total, Digestible Ash, Total, 
Calcium, Phosphorus, Toxic Elements 

Carbohydrate Crude Fiber, Cellulose, Hemicellulose, Lignin, Di- 
gestibility Nitrogen-free Extract, Total, Digestible Available Energy 
Total Digestible Nutnenis, Starch Equivalents, Digestible Calories, 
Metabolizable Energy, Net Energy 

Arc you not surpnsed at the number of terms or items which 
are used m trying to describe the nutntive properties of feedstuffs? 
Fccdstuffs are complex combinations of nutrients In the compilation 
of tables of feeds, the N R C Committee on Feed Composition is 
recording about 70 items, includmg amino acids, mineral elements, 
and vitamins, as well as the fractions of the proximate analysis and 
a selected group of carbohydrates 

More important, of course, than a mere knowledge of the different 
descriptive tcnns used, is familianty with the precise meaning and the 
limitations of these terms Through carelessness, and sometimes from 
slipshod thinking, we can be led into misuse and/or misinterpreta- 
tion of some of these terms, the end result of which may be failure 
to employ the feed in such a way that its full value is obtamed, or 
120 
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any adverse efieet of its defeets avoided. For example, the fallacy 
of the common assumption that TDN is a constant for a given feed is 
clearly evident when one looks critically at the nature of this term. 
Many nutritionists feel that rations arc often incflicicnt because of 
faulty or inadequate descriptions of the properties of the individual 
feeds quite as much as because of ignorance of the requirements of 
the animal. Nowhere is a faulty premise likely to lead to an unex- 
pected result more surely than in the problem of ration formulation. 
A faulty assumption as to the nutritive properties of a feed or ration 
may be the whole explanation for an unprcdictcd and usually unde- 
sirable performance of the animals fed. 

The significance of full and accurate descriptions of fccdstulTs will 
Ivc increasingly evident as vve proceed, first with a consideration of the 
nutrient needs' of animals; then to a study of fccdstufis themselves: 
and finally take up the problems of compounding feed combinations 
of specified nutritive properties. Actually at this point we arc closing 
only our formal examination of the nature of the terms used in 
describing fcedsluiTs; we begin now to use them to understand the 
subject matter that lies ahead. 



SECTION II NUTRITIONAL 

REQUIREMENTS 
OF ANIMALS 


(3 bviously, before we can make any useful start 
on the actual formulation of rations, we msut have a reasonably clear 
working knowledge of what nutrients such rations must contain 
From one point of view this may be even more necessary than precise 
undersiandmg of the physiological roles these substances may play in 
metabolism 

The information should be quantitative, at least wait respect to 
those nutrtents that constitute any significant proportions by weight 
of the ration And right here the problems begin How accurate must 
our "quantitative ’ data be in order to prepare nutritionally adequate 
and, at the same ttme, economtcally sound combinations 

Investigators and practical livestock men have for many years re- 
corded what they have observed to be the quanttues of nutrients 
needed by animals Others have sought similar answers by calculation 
from the data of metabolism studies For those needs that have been 
longest studied fsiich as energy and protein) the figures now available 
are workably accurate m the sense that rations devised from naliiral 
fcedsliiffs to provide these quanttues permit normal performance by 
the animals siibsislmg on them For mans, indeed for most of the 
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specific operating needs, there are no finalizing figures that can be 
called requirements 

This lack of definite figures must mean first, that many, and per- 
haps most, "natural ’ feeds contain quantities of the nutrients needed 
for the maintenance of livestock including requirements for some, 
though perhaps not optimal growth, production, and reproduction, 
and secondly, that if the overall needs are reasonably well met by ade- 
quate allowances of such foods the ammal can adjust itself to widely 
differing intakes of specific nutrients 

And so It IS not really surprising that the results of our search for 
more accurate and complete data relative to the nutrient requirements 
of livestock has not been so much to change the general specifications 
of ammal rations as it has to increase the scope of feeding standards 
to include facts about nutrients previously unknown Thus the per- 
formance of modern rations in the feed lot is more predictable, be- 
cause the unknowns are fewer, more efficient, because the balance of 
nutrients ts more satisfactory and more economical, because previ- 
ously unrecognized surpluses are more completely eliminated 

Quite apart from the greatly expanded scope of the modern feeding 
standard over us earlier prototype, a fundamental fact of nutrition 
has emerged from our more complete knowledge it is that m applied 
feeding the basic need of animals fed normal rations is for energy, 
and that this demand is the basis of most, and perhaps all of the 
other nutrient requirements 

It seemed logical, therefore, in a consideration of animal require- 
ments, and before examining the detail of actual feeding standards, 
to establish thoroughly the basis for, and the present evidence con- 
cerning the energy needs of livestock Then, because protein has 
so often {though erroneously) been taken to be the nutrient of great- 
est practical signjfiraofe m iei’esfack {iSeviiftg, a-e phswld 

examine critically the present postUon of this nutrient in the forma- 
tion of rations We shall then mention bnefly the minerals and vita- 
mins necessary to augment the data of feeding standards 

Finally ne shall discuss the characteristics of livestock feeding 
standards and present for examination those for dairy and beef cattle, 
and for swine 



CHAPTEn 


The Energy Requirements of Animals 


NO ONE can feed experimental animals or be associated with the 
practical feeding of commercial herds without soon realizing that the 
performance of the stock is critically linked with the quantities of 
feed individual animals consumed daily. The buyer of “feeder cattle 
scans the animals for characteristics believed to indicate good feeding 
ability. Judging score cards have emphasized broad muzzles, deep 
hearts, and blocky conformation with the implication that these 
indicate good feeding ability. Horsemen, sheepmen, and hogmen have 
also stressed feeding ability as an important characteristic in desir- 
able animals. 

There is justification for this emphasis on feed intake in relation 
to performance. Production by livestock, whether it is of milk, or 
wool, or of body tissues, requires energy in excess of maintenance; 
and teed intake is almost synonymous with energy intake. The most 
common nutritional cause of poor performance of livestock is that 
of too meager intake of feed. Many nutrients are required because 
of their function in energy metabolism, and others that appear to be 
needed in proportion to body size are, therefore, indirectly required 
in proportion to feed consumption. Since natural feeds not only 
yield energy to the animal but also carry assortments of specific 
nutrients, increasing feed intake often automatically corrects other 
deficiencies that may have appeared under too meager feed con- 
sumption. 

The factors that regulate, or at least affect the willingness of ani- 
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mals to eat and influence the extent of their consumption are by 
no means fully understood Perhaps the one most certainly known 
fact IS that the taste of the feed is seldom the major important factor, 
though there are some exceptions Bitter weed seeds, for instance, or 
musty or dusty materials are often refused by animals Aroma may 
sometimes be a factor because of the stimulating effect it has on 
early gastric secretions in simple stomached animals Some tastes 
may also be acquired, and ration changes may, therefore, cause 
temporary food refusal 

The more important problem, however, is related not so much to 
complete feed refusal as it is to the unwillingness of animals to “eat 
their fill ” Why does voluntary feed intake increase when an un- 
satisfactory quality of the protein component is corrected either by 
feed substitution or by ammo acid amendment to the ration'’ Why 
does feed intake decline when animals are on restricted water intake'’ 
These are not problems of taste or smell, and they are not solved by 
the inclusion of condiments or flavonng substances 
It is an attractive hypothesis that the body's defense mechanism 
against further ingestion of substances that disturb its normal meta- 
bolism IS to decrease feed intake In any case, deficiency of essential 
nutrients, perhaps excesses of certain nuinenis, or the accidental 
ingestion of enzyme poisons, such as fluonne, often show their first 
adverse effects in precarious appetite and lowered feed intake 
That adequate feed or energy intake is necessary for normal per- 
formance IS an accepted fact Under self feeding, the problem scarcely 
exists (assuming a satisfactory ration), but for those animals to 
which regulated quantities of food are offered at each feeding it 
becomes important to know how much is enough ’ The answer is 
not always indicated by appetite In a milking herd consumption 
must be adjusted to production for reasons of economy, and in the 
production of bacon carcasses the energy need of the bacon pig 
differs from that of the fat hog at certain stages of growth 

Hence, m view of its special importance we should deal at this 
point m some detail with the fundamental basis of the quantitative 
energy requirement of animals This may be the more pertinent since 
_ feeding standards usually present little if any of the biological back- 



The Energy Requirements of Animals - 127 

ground underlying the requirements we have to consider in a dis- 
cussion of energy requirements 

The Maintenance Energy Requirement 
of Adult Animals 

Although the metabolism of energy-yielding nutrients m the body 
IS not a direct oxidation as in a furnace, the body, nevertheless, uses 
oxygen in proportion to the rate of its metabolism By simultaneously 
measuring the heat escaping from the body and the oxygen con- 
sumption of that animal over the same period of time, we can 
establish a caloric equivalent of each liter of oxygen This calculation 
has been made for many species and under many conditions, and 
within relatively small error (less than 3%) we can assume that for 
each liter of oxygen consumed the body will lose 4 825 Calories of 
heat as a result of metabolism In order to maintain an animal in 
energy equilibrium this quantity of energy m the form of food must 
be replaced to the body Using suitable equipment to measure oxygen 
consumption we can then compute the amount of energy an animal 
requires to maintain energy equilibrium under conditions that may 
be defined 

Basal metabolism represents the irreducible energy cost of mam- 
tenance of an animal during rest in a thermo neutral environment and 
m a post-absorptive state To maintain an animal m energy equilib- 
rium under practical everyday conditions the ration must contain, 
m addition to this minimum for basal metabolism, increments suffi- 
cient to cover any additional caloric needs occasioned by expenditures 
for activity and/or production, to allow for fecal and urinary losses, 
and to balance the energy wastage incidental to food utilization 
To be useful m applied feeding, energy requirements must be 
stated m terms of rations Consequently, the caloric equivalent of the 
above categories must be evaluated as well as the basal metabolism, 
and their total expressed m some appropriate term 

Basal Energy Metabolism. We refer to the minimum energy cost 
of the automatic body processes representing the excess of endo- 



128 - Applied Animal Nutation 

thermic over exothermic reactions as basal metabolism Cnerg> used 
m circulation, excretion, secretion and respiration accounts for per- 
haps 25% of this cost— the balance being required for maintaining 
muscle tone and body temperature 
Basal metabolism has been measured for animals of many different 
sizes, and from such data hive come two facts the basal heat pro- 
duction IS affected by the weight of the animal, and the metabolism 
of small animals is greater than that of large animals per unit of 
body weight 

Theoretical considerations suggest that basal metabolism might be 
related to the surface area of the body If the heat losses were 
affected by radiation, surface might be a factor, and the % power of 
body weight (i e , or IP *“) is a better index of surface than is 
weight to the first power (ic, IP*®) However, wc must note that 
exterior body surface is not a constant in living animals, nor can 
it be measured satisfactorily Furthermore, the casual factors of the 
heat production, and hence of the basal heat loss, arc not dependent 
on external body surface Consequently, we may conclude that the 
relation between surface area and basal metabolism is not a direct 
expression of cause and effect Rather, we should consider that IP" 
IS a measure of physiological effective body size, or metabolic size, 
and that the value of the exponent, n, should be determined from the 
data in question 

The relationships may be expressed mathematically as 
C = 6 IP- 
or 

log C = log b + log IP" 

If C IS Cals basal metabolism and IP" is metabolic size, then the 
ratio of should be a statistical constant b 

yyn » 

Basal metabolism data for adult animals of species ranging from 
mice to elephants were plotted by Brody* on log, log paper and the 
regression fitted by the method of least squares The slope of the 
curve proved to be 0 73, and the value of b. the ratio of ^ was 

• Bioenergetlcs and Growth (194S) 
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70.5. Thus the data indicated that, on the average, Cals, basal meta- 
bolism = 70.5 The numerical value of b depends on the 

units of measurement used. When metabolism is in Calories for 24 
hours and weight is in kilograms, b = 70.5; when weight is in pounds, 
b =: 39.5. 

Brody states “The direct control of the metabolic curve resides not 
in the external surface but in the neuro-endocrine system, which 
(for geometric and mechanical reasons discussed in his text) tends to 
vary in size with surface area rather than with simple body weight. 
So it comes about that the size of the neuro-endocrine components, 
the surfaces, the heat dissipation, and the heat production all tend 
to vary in parallel. They may all be said to vary with W*, and the 
value of rt tends to be near 0.7. It will be shown presently that the 
quantity of milk-energy production and of egg-energy production 
likewise tends to vary with IT®’, as does basal energy metabolism 
and endogenous protein metabolism. This brings out the broad 
significance of the proposed reference base ’/which may be termed 
“physiological” weight in contrast to W^-^, which is the “physical” or 
gravitational weight. In the meantime, it is suggested that H'®’ be 
tentatively adopted as reference base for basal-energy metabolism, 
endogenous nitrogen excretion, milk-energy production, egg-energy 
production and related processes.” 

Note that both Brody and Kleiber now recommend that the equa- 
tion be written: 

Cals, basal metabolism = 

and consider it to be a biologic constant applicable to all homio- 
therms. 

It may help at this point to review the energy categories with which 
we deal in animal feeding. Fig. 6-1 is an attempt to show these 
categories in their proper relations. 

From the chart in Fig. 6-1 we can see clearly that we have in 
basal metabolism the starting point for calculating either the meta- 
bolizable, the digestible, or the total energy that must be returned 
to the animal as food. The basal metabolism value depends on the 
biologic size of the animal. The increments to be added to this value 
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depend on, (1) the nutritional balance of the ration, (2) the activity 
and/or production of the animal, (3) the protein levei of the ration, 
(4) the nature and extent of the cellulose or crude fiber of the ration, 
and (5) the energy of the fecal excretion. 

Specific Dynamic Heal Loss. We refer to this energy category 
under a variety of terms including specific dynamic action (SDA), 
heat increment of feeding, thermal energy, etc. The biological origin 
of the energy category has been variously assigned. That it represents 
the work of digestion has been disproved by feeding a variety of 
foods in the digestion of which no SDA was found, as well as by 
the fact that amino acids made available to the body for metabolism 
by injection give rise to the same qnantity of SDA as when they 
are consumed normaliy. There is evidence to suggest that it repre- 
sents a decrease in the efficiency of energy metabolism of food eaten 
as compared to that occurring under basal conditions. This conclusion 
is supported by the observation that the proportions of energy- 
yielding nutrients in the ration influence the SDA. For example, 
absence of an essential amino acid results in an increase in SDA. This 
may be explained on the hypothesis that under such a situation the 
normal synthesis of protein is hampered; and, consequently, a larger 
quota of amino acids must be deaminized. The disposal of such 
amino acids may be less efficient in terms of energy expenditure than 
is protein synthesis, and since the body must remain at constant tem- 
perature there is an increase in the heat loss. 

This effect is not limited to energy-yielding nutrients. The lack 
of common salt in the ration reduces the utilization of the meta- 
bolizable energy of com by increasing the heat loss from the body. 
Limitation of phosphorus causes similar effects. Thus possibly SDA 
is a reflection of the degree to which the ration eaten fails exactly 
to meet the nutrient needs of the body at that time. 

Whatever the specific cause, the fact remains that the heating effect 
of feeding is large and, to a considerable degree, unpredictable. For 
cattle Fig. 6-2 illustrates the average utilization of energy of a typical 
ration fed at maintenance level. 



■pnODUCTlUN HEQUmCMCMT 
AT MAINTENANCE 



Fig. 6-2. Approxiimie parinton of ration energy by catlle al maintenance intake. 
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These figures (Fig. 6-2) are Brody’s analysis of data available in 
1934 except for the partition of the heat loss category. The figures 
for SDA represents the average for the SDA of cattle rations at 
maintenance levels; and that for activity is calculated from the energy 
of basal metabolism. According to Mitchell, the activity of animals 
at maintenance increases basal requirements by 25-50%. 

Of all of these figures, that for SDA is the most variable, ranging 
from 3 to about 20% of the gross energy of the feed as the plane 
of nutrition increases from half to three times maintenance. 

Energy Lost as Gas. The extent of the gas losses will depend 
largely on the quality and quantity of cellulose fed. As the proportion 
of roughage in the total ration decreases (as from a maintenance 
all-roughage ration to a milking ration containing only two-thirds 
or less of its dry weight as roughage), the gas loss also decreases. 

In the usual digestion trial the gas loss is counted as a digestible 
nutrient since it is not in the feces. Consequently, the apparent di- 
gestible energy of a high roughage ration is over-estimated by usual 
figures for either TDN or for digesUble energy. This error will be 
discussed in more detail at a later point. 

Fecal Energy Losses. With omnivora, because of the nature of 
their usual foods, the utilization of ration energy is appreciably higher 
than with herbivora. DigestibiUty for one thing approaches 85%, 
and gas losses are lower; hence we may find that the sum of the basal 
metabolism plus the “activity” energy requirement at maintenance 
is about 75% of the gross ration calorie requirement. The activity 
at maintenance for the smaller species is very likely relatively higher 
than for the larger animals. Mitchell places the “activity of idleness” 
of small animals at double that of the larger speeies. 

We may reasonably assume that the total heat loss by adult swine 
at maintenance living is 70% of the total energy and may be par- 
titioned as basal metabolism 45%, activity plus SDA 25% of the 
gross energy needed; for cattle the corresponding values may be 
more nearly 60%, 35%, and 25%. 
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( Calculation o! Adult Maintenance Energy Requirement, Practical 
i' adult maintenance energy requirements of animals generally may be 
calculated from the formula 

Cals = <i X b (IP*) 

where TP" is “metabolic size of animals,” le , body weight in kilo- 
grams raised to the 0 75 power, b = 70, the Cals required per unit 
of metabolic size for resting metabolism, and a, the factor to convert 
the “resting” calonc requirement to that for maintenance We may 
think of It as an “activity factor” covering the energy cost of the 
incidental activity of non-producing adult animals being maintained 
in constant body weight 

The numerical value of factor a will vary, depending on whether the 
requirement is to represent metabolizable energy or digestible energy 
In the first instance it includes the energy cost of incidental activity 
and the specific dynamic heat (energy) loss of maintenance levels of 
food intake Where it represents digestible energy the value of a will 
be larger, since it must include the average urinary losses of energy 
from protein metabolism, and the digestive tract (energy) losses of 
fermentation gases from carbohydrate (cellulose) The latter loss is 
importantly involved only in herbivora and, consequently, the factor 
a vanes also with species of animal In other words, the terms of our ' 
equation are constants only in the sense that they hold for averaee 
conditions It has been estimated that the calonc requirement cal- 
culated by this formula will cany with it an error expressed as a 
coefficient of vanation of about ^7% of the mean That is, that the 
probable true maintenance energy needs of an individual animal will 
in two cases out of three be within ^7% of this calculated average 
calonc figure 

The suggested value of a in our equation to calculate digestible 
calories is 2 for herbivores and 1 4 for omnivores 

If we desire finally to obtain the requirement m terms of TDN 
we must divide the calone figure by the calonc value of TDN Here 
we must choose between a figure of 4 00 and of 4 38 Cals per gram, 
as has already been discussed Use of the latter value will probably 
give a figure for digestible calones more nearly m line with the true 
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requirement; but if the ration TDN is calculated on the usual basis, 
the feeding standard allowance for the animal will not be adequate, 
since the present way of determining TDN over-estimates the avail- 
able energy of the ration by about 10%. 

Summary of Maintenance Energy Rcqniremcnts of Dairy Cattle 
from Feeding Standards. Since 1810 when Thaer’s* Table of Hay 
Equivalents was published, feeding standards of one sort or another 
have appeared periodically. Most of them were applicable to dairy 
cattle, where feeding according to need was of greater economic im- 
portance than it was with stock whose production was the gain in 
body size or where maintenance of weight was the only criterion 
needed. Some of these tables received wide acceptance while others 
were short-lived. Many are of historical interest, and the evolution 
of feeding standards, as indicated by the features of the better known 
ones of each era, is a record that parallels the advancement of 
scientific feeding of livestock. The early standards dealt largely with 
energy requirements, though this was not specifically expressed and 
perhaps not at the time recognized. True, these tables, after about 
1850, included a figure for protein as well, but in the light of present 
knowledge, essential information given about protein was meager. 

The record as to the total energy needed by a given animal, re- 
gardless of the particular terms in which it was actuaUy stated has 
been surprisingly constant. The calculations from a few of such stand- 
ards are summarized in Table 6-1. 

The calculated TDN values equivalent to the original terms of 
Table 6-1 are approximations only, since conversion from calories 
to TDN is subject to considerable error. However, they illustrate 
a situation that is of interest and perhaps of significance: that, gener- 
ally speaking, the maintenance energy requirement given in standards 
where it was determined on the basis of energy balance, is about 20% 
lower than in standards where the estimates have come from feeding 
Iriais with the TDN needed to maintain body weight calculated from 
the amount of rations eaten and their TDN content. 

It is worth noting, however, that Morrison in his latest standard 

* Landwirtschaft, p. 211 (1880). 
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TABLE 6-1 Daily Energy Requirements for the Maintenance oj 
Adult Dairy Cattle (Calculated to a live weight of 1000 lbs and 
converted to the equivalent TDN values) 






..ot. 

Feed ng standard 

Ong ool terms 

equivalent ILtrl 




(D* 

|2lt 




lbs. 

lbs 

1909 Kellner 

3 631 kg storch equ volent 

68 

62 

1917 Armiby 

6 therms net energy 

65 

58 

1931 Forbes and Kriss 

8 487 therms metabol xoble energy 

5 8 

52 

1935 Brody 

2 X 700 (Wl ’») Color es 

68 

61 



Averoge 

65 

58 

1903 Kaeeker 

7 tbs. Oig Carbohydrate -b 0 1 Ib 




Dig fot + 0.7 lb d g prote n 

79 

71 

1912 Sovoge 

7 925 lbs "I 


79 

71 



1 








1936 > Momon 

7 925 Ibt. 1 

1 



195 oJ 

7 00 793 lbs 

1 



1950 US. Research 





Council 

8 00 lbs TDN 


80 

7.2 



Average 

79 

71 



General Averoge 

72 

65 


* Bated en 1000 Celt, eqv vatent to apprestnolely 250 gm TDN 
t Bated en 1000 Colt, cqu valent to apprenamelely 228 gm TDM. 


gives a minimum “recommended ’ allowance that is some 10% below 
his previous figures This reduced value together with the state- 
ment from the Committee responsible for the U S National Research 
Council Standard, that its allowance is hberal, because underfeeding 
IS the most common cause of unsatisfactory dairy cow performance, 
leads to the conclusion that the most probable daily requirement 
for the energy maintenance of an average 1000 lb adult dairy cow is 
not far from 6 5 lbs TDN or very nearly 12 therms of digestible 
energy In equation form we may write it 
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We should recall that the energy requirement forms the basis of 
the requirement of many of the other operating needs of the body. 
It is, therefore, essential that this figure be established with as little 
error as possible. Using os o stondard on intake that is in excess of 
true requirement may lead to diffictilties from unexpected sources. In 
practical feeding a single meal mixture is prepared for all animals of 
the same feeding category, and allotments are made to individuals. 
All nutrients are thus in fixed proportion to the total feed, which 
is essentially the same as saying they are in fixed proportion to the 
energy of the feed. 

If, for example, in preparing a mixture, one were to use a standard 
for energy that actually called for an excess of 20% in energy, while 
that for protein was the true requirement, then a cow on being fed 
enough to keep her in constant weight would receive too meager an 
allowance of protein. Intentionally liberal estimates of nutrient re- 
quirements ate thus less serious than is the use of a larger than 
necessary figure for energy. 

How Much Feed? It may be necessary to consider the amounts 
of food needed to supply specified quantities of digestible energy. 
The reason for considering this matter at this point stems from the 
way in which tables of nutrient requirements are actually used in ap- 
plied feeding. The data comprising a feeding standard are primarily 
useful as guides to the formulation of meal mixtures from which 
animals of the same feeding category will be offered appropriate 
quantities. The formulation is seldom an inflexible recipe. It changes 
as frequently and as rapidly as ingredient availability and price 
fluctuate. 

Examination of formulae recommended by various agencies re- 
veals a surprising uniformity (someUmes by geographic area) in the 
calculated TDN content of meal mixtures intended for any one feed- 
ing category (such as milking cows, nursing sows, laying hens, etc.). 
The reasons for this are more deep-seated than the simple fact that 
the between-raixture differences in TDN might be expected to be 
smaller than that between single feeds. At the moment it will sufllce to 
state tliat pattern meal mixtures intended for milking cows, as well as 
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typical feed combinations designed for most feeding classes of swine, 
carry very close to 75% TDN when the> arc based on corn, and 
about 70% when the basal feeds arc largely barle> or oats 

Thus, It IS feasible to express finally the dail> energy requirements 
of animals (whether for maintenance or for producing stock) in 
terms of equivalent pounds of feed, and specifically m terms of a 
quantity of meal mixture, after suitable adjustments are made for 
feeds other than meal that arc used (as m the case of herbivores) 
The general equation may be written 

lbs air dry meal _ a x 70 (1^”) 

required per day “ i8i6 x % TDN in feed to be used 

The figure 1816 assumes 4 Cals per gram TDN If the value of 
4 3S Cals IS pcekcccd, the %anr 1938 should be used The per eent 
of TDN should correspond m the feeds involved 
The significance of a separate statement of the maintenance energy 
requirement vanes with the class of stock involved Idle adult farm 
animals arc normally fed maintenance rations but in many instances 
the ration consists of roughage alone, and is fed essentially ad hbi»<m 
If the animals do not maintain their weight, supplementary concen- 
trate feeds may be given For swine the meal allowance is restricted 
to a quantity that maintains live weight Feeding standards for energy 
are seldom used under these conditions 

Where producing cattle are to be fed u is possible and, with dairy 
cattle, customary to arrive at the final feed requirement by adding 
together the maintenance and the product needs In practice the 
producing stock (other than dairy cattle) js sometimes grouped by 
weight, age, and/or production category and the total requirement 
stated as one figure Thus pregnant heifers and pregnant mature beef 
cows are separately grouped, each by live weight But lactation allow- 
ances are given separately Similarly, young and adult pregnant swine 
and young and adult nursing sows are separately listed 

The fundamental basis of the maintenance energy needs for ah 
adult stock IS the same and the feeder who has a working knowledge 
of the principles mvolved wiU be able to make sound adjustments 
m feed allocations to individual animals 
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Energy Cost of Production and/or Work 

The energy cost of muscular activity as in work, and that for the 
production of milk or wool, or the synthesis of body fat, must also be 
taken into account in the feeding of livestock. We should call attention 
to the fact that excepting for adult breeding cattle, the maintenance 
needs of animals are not in practice dealt with as separate values. 
Rather, the maintenance needs are combined with those for produc- 
tion into one figure. Nevertheless, we should look into the energy 
requirements of milk production and of fat produefion in order to 
appreciate how differing rates of production eventually affect the 
total feed allowances. 

The partition of the digestible calorie intake between maintenance, 
milk production, and body gain in weight cannot be made directly. 
However, Brody and Proctor have attempted to obtain an estimate 
of this partition by using the statistical device of partial regression. 
They have assumed for this purpose that TDN is used for three pur- 
poses in the body, viz., maintenance, body gam, milk production. 
The basic equation to indicate the relationships miglit be written as: 

TDN consumed = fci (Xi - Si) + he (ir- - S«) -t- bi (Xs - Ss) 
where 

X, = lbs. 4% milk produced per lactation 
. 1 , = average metabolic body weight (i.e., W'-) during lactation 
vi = change in body weight during the lactation 
bu b., b, are the units of TDN required for each unit of 
Xi, X 2 , Xz, respectively. 

Brody and Proctor have applied this method to 243 yearly lactation 
records of Holstein and Jersey cows in the Missouri Agricultural 
Experiment Station from which they derived the following figures: 

TDN = 0.305 (xi) + 0.053 (Xi) + 2.1 (xi). 

Assuming 1816 Cals, per lb. TDN, we may calculate that for each 
pound of milk of 4% fat content produced requires (.305 X 1816 - 
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553) cals Since a pound of 4% milk contains 340 Cals, the net 
efficiency of production is (340 -t- 553 = 61 ) 61 % , or to produce 
milk requires, in addition to mimtenance of the cow, 1 61 times the 
energy contained in her milk (Experiments have shown that efficiency 
of production is independent of body size ) 

Forbes and Knss of the Pennsylvania State Agncultural Experi- 
ment Station have estimated from their data that the energy cost of 
milk production is 1 67 times the metabolizable energy consumption, 
which agrees satisfactorily with Brody’s value based on TDN 

Estimated Cost of Body Fat Production. Knss has reported that 
the efficiency of metabolizable energy for body weight increase m 
adult cattle is 59%, which, if expressed in terms of digestible energy, 
might be taken as approximately 50% (^g X 59 ss 50), if we as- 
sume that metabolizable energy is 85% of digestible energy with 
cattle On this basis, double the calones deposited as body fat would 
be required in the ration m excess of the maintenance energy 

Energy Cost of Work. The energy cost of work (muscular ac- 
tivity) 18 considerable As measured by rate of oxygen consumption 
It has been found that the energy cost of standing above lying is about 
9% in man, cattle, and sheep The horse does not show any in- 
creased energy need m this respect because of the special anatomical 
arrangement of his suspensory ligaments However, walking results 
in an increase m energy expenditure of about 100% over standing, 
and that figure seems to hold true for several species Sustained work 
shows energy expenditures in relation to the energy requirement at 
rest, something as follows 

Activity 


Walking 

Sustained heavy work 
(6 10 hr per day) 
Maximum activity per day 
Maximum energy dunng 
maximum brief effort 


Ratio of O, consumption 
oi acttvrty to that 
of standing 


3 8 
20 


100 
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In horses, an average expenditure can be worked out on the as- 
sumption Uiat the normal load is 10% of the body weight and that 
the speed is about 2.2 miles per hour. The figures in terms of TDN 
are computed by Brody according to the formula: 

TDN per day = 0.053 -H.27 X (Horse power per hour). 

The daily requirement thus calculated according to the size of the 
horse and the hours worked per day, are shown in Table 6-2. 

TABLE 6.2 Pounds TDN Required for Maintenance and jor Work 
According to Total Hours Worked per 24 Hours 


Weight of horse (lbs.) 

(out of 24) 

1000 

1400 

1800 


lbs. 

lbs. 

lbs. 

0 (mointenanee) 

8 

10 

13 

2-4 

2 

3 

4 

5.8 

S 

7 

9 

9.12 

8 

11 

15 


The exact values tor a given animal are subject to wide variation, 
as might be expected since it is obvious that many factors other than 
body weight, weight of load, and rate of movement are involved. 
Thus far no simple classification has been devised to describe severity 
of work, which we can use as the basis of estimating energy require- 
ments. The problem may be more academic than practical, because 
the criterion in actual feeding is maintenance of body weight (see 
thumb rules later). The ordinary plan of allowing quantities neces- 
sary for maintenance of weight is satisfactory it we take the pre- 
cautions to adjust day by day the allowances to correspond to marked 
changes in activity (as on idle days). Table 6-2, however, may give 
some idea of the quantities that would be involved. 


Energy Requirements of Growth 

Sometimes we can express the energy needs of adult animals, in 
two separately measurable quantities: one for maintenance, and an- 
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other for specific activity involved m addition to maintenance With 
growing animals overall increase m weight is continuously variable, 
and in practice one must not only feed to maintain the weight and 
size attained, but provide enough more to permit further gam in 
wei^t 

The increase m weight of animal normally follows a characteristic 
pattern related to age, which, in turn, may reflect changes in nutrient 
needs Hence, so-called normal growUi curves are often used as 
indices of requirements of growing animals We should, therefore, 
consider briefly the normal growth of animals 

The Nature of Growth. While the overall change in body wei^t 
with advancing age can be represented as a smooth curve, the differ- 
ent tissues do not individually grow with equal rapidity For example, 
muscles increase 48 times m size from birth to maturity, while the 
skeleton only makes a little more than half this change Curves of 
skeletal growth, therefore, when plotted against age, are flatter than 
curves of total weight gam Hammond,* m his studies of the effect 
of age and nutrition on change in body proportions, found that the 
body proportions of fat type pigs of 100 lbs weight were essentially 
the same as those of bacon-type pigs of 200 lbs hveweight 

Of particular interest is the effect of plane of nutrition on develop- 
ment at different stages of maturity Pigs, following weaning, held 
on meager rations for 16 weeks, and then full fed to a slaughter 
weight of 200 lbs showed relatively poor muscle development and 
heavy layers of external fat Others fed liberally following weaning 
and then, beginning at 16 weeks, given restricted intake showed 
the greatest development of lean tissues and the least fat when 
killed at 200 lbs The growth curves (age-weight graphs) of the 
pigs from these two regimens were strikingly different That for the 
low high’ nutritional program showed a continuously increasing 
upward trend, that for the high low regimen was sigmoid, showing 
a steadily accelerating slope to 16 weeks followed by a segment of 
less rapid weight gain 
•; Asr Sci V 5 U937) 
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Measures oj Growth. At the outset we may state that body weight 
alone cannot be an accurate measure of tissue growth. An animal 
may remain at constant body weight while simultaneously losing 
water or fat, but growing in skeleton. In practical livestock husbandry 
a combination of body weight plus a measurement such as height is 
often of greater use as a guide to feed allowances than either alone. 
Thus, standards of normal weight-for-height-for age make it possible 
to distinguish between well-grown individuals and those that are 
heavy because of excessive fat deposition. Such a standard for two 
breeds of dairy cattle is already in use. Some of the figures are 
shown in Table 6-3, and plotted in Chart 6-A. These data can be 
plotted for use with intermediate values. 

TABLE 6-3 Weight-Height-Age Relations in Normally Grown 
Dairy Heifers 


Age 


Weight 

Height at withers 

Jersey 

Holstein 

lbs. 

Inches 

manths 

months 

100 

28.5 

1.0 

.5 

200 

34.0 

60 

3.0 

300 

38.0 

7.5 

5.0 

400 

41.0 

9.0 

7.0 

500 

43.5 

12.5 

8.0 

600 

46.0 

18.0 

12.0 

700 

47.5 

26.0 

16.0 

800 

49.0 

40.0 

20.0 


The importance of the problem of accurately measuring true growth 
varies with species and cases. For animals being raised for breeding 
herds the desirability of a more accurate assessment of nutritional 
needs than is necessary for short-lived “meat” animals, will perhaps 
justify the more elaborate schemes. 

The General Nature of Growlh Curves. If we record the live 
weight of an animal periodically from birth to maturity, plot these 
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CHART 6.A. Graph of Age. Werght, Height Relationship in Dairy 
Heiier Calves 

A&t IN MONTHS (J£NS£ys) 



AOn IN MONTHS (HOXSTPINT) 

v-eights agamst time at relatively short intervals, and join the points 
on the graph, we get a curve depicting the trend of ‘ growth ’ If 
we thus measure a sufficient number of comparable animals the hne 
representing the average weights for age will be a smooth curve of 
sigmoid form The curve will have two major segments The first is 
of increasing slope and extends from birth to puberty The second 
IS of decreasing slope and runs from puberty to maturity The point 
of inflection, which coincides with puberty in most species, is of 
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biological significance in that it marks a point of physiological age 
equivalence between species. At this age rate of potential growth is at 
a maximum, as is also feed efficiency as measured by feed required 
per unit of body increase. 

Puberty occurs with most animal species when they have attained 
about one-third of their mature size. The normal curves of animals 
beyond puberty coincide if plotted on a physiologically equivalent age 
basis. 

Problems in the Use of Growth Curves. Much research has been 
undertaken to establish normal growth curves, and relevant data have 
been published for most species of animals. In nutrition such curves 
are used primarily as standards against which to gauge the adequacy 
of nutrient allowances. In fact, so-called normal growth curves are 
often the entire basis for the allowances set down in dietary and 
feeding standards. 

Obviously if rates of growth are in part hereditary, discrepancies 
in attained body size between growing animals of identical ages will 
increase with advancing age. Consequently, any classification for 
growing animals will include a relatively wide range of weights at 
any specified age, and a growth curve based on averages at advanc- 
ing ages will not necessarily depict satisfactorily the expected normal 
growth of individuals. 

One must bear in mind also that because daily gain in body weight 
is the most often used criterion of nutritional adequacy of growing 
animals, it does not follow that maximum gain is the desired objec- 
tive. Indeed, rapid gain may be an index of a faulty nutritional 
regimen as is so well illustrated by Hammond’s studies on the relation 
of plane of nutrition and age on body proportions. A rapid gain on 
market pigs after a weight of about 100 lbs. indicates rapid fatten- 
ing, which may be damaging to bacon carcass quality. 

Energy Requirements for Growing Animals 

Gains in weight by growing animals in accordance with some 
normal growth standard is the most commonly used criterion of 
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adequate feed intake Feed intake is almost synonymous with energy 
intake since unless feeds differ markedly in fat content, they are ot 
quffe similar gross energy, and for any one species of animal the 
types of feeds used in the ration are enough alike so that difference 
in digestibility of the dry matter of typical rations ate not wide 
To determine energy requirements on the basis of the growt o 
animals, we conduct a bio assay type of feeding trial Compatab e 
groups of animals are led different amounts of a ration, the digestible 
energy content of which is known The intake of energy by animals 
that grow at rates comparable to those of the normal growth curve 
IS taken as the energy requirement 

To arrive at a feeding standard by this method is time consuming 
and costly It is necessary to observe many different groups m order 
to obtain values not biased by the hereditary characteristics of any 
one group or strain of individuals 

Mitchell has suggested a somewhat different approach to the pro 
lem of establishing the energy needs of young animals m which he 
considers that total energy requirement may be partitioned into a 
maintenance fraction an activity fraction, and a new tissue fraction 
He cites the data for a chicken given m Table 6-4 


TABLE 6-4 Calculations of Caloric Requirement of a Growing 
Cockerel iMitchell) 


V/e ghi 

of b rd 

Mctabel im 

Athv ty 

50% of tJA 


Totgl 

Co lone* 

Ibi 

Call 

Colt 

Coll 

Coll. 

OJ 

37 

18 

15 

70 

1 0 

55 

27 

19 

101 

20 

72 

36 

21 

129 

30 

V* 

47 

19 

160 


In his scheme the energy requirement for maintenance is actually 
the basal metabolism plus 25 or 50% , the smaller value for larger 
t>pes of animals and the larger for smaller species The ‘growth" 
requirement is the ca’onc value of the new tissue formed as de- 
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termined by slaughter tests and analysis of tissues. Of critical impor- 
tance is the magnitude of the activity factor, data for which are 
limited at present. 

Mitchell’s plan in reality treats true growth as a “production” (in 
excess of maintenance). His treatment is entirely logical from the 
standpoint of nutrient needs, and has the theoretical advantage of 
making possible the use of already well-established methods for cal- 
culating the maintenance requirements on the basis of the attained 
size of the animal and the relation which this bears to basal meta- 
bolic rate. 

EfTicicncy of Energy Utilization by Growing Animals. In general, 
the energy stored in the successive equal weight increments becomes 
larger with advancing age because of the change ‘toward lower 
water and higher fat content of body tissues with increasing age. 
Thus with advancing age more energy intake is needed pet unit of 
body gain. This increased feed cost of gain is strikingly seen in the 
case of the market pig that for the whole of his life is “growing.” 

Gain in body weight 
Age of pig per 100 lbs, feed 

Months Ebs. 

2- 3 40-50 

3- 4 25-30 

4- 6 18-20 

Such figures are subject to a considerable modification with rate 
of gain of animal. In slower gaining animals, where a tissue of rela- 
tively low fat content is being formed, the gain pet pound of feed will 
be appreciably higher with animals that are rapidly fattening. From 
feeding standards that indicate both the expected feed intake and the 
expected weight increase, we can calculate the expected feed efficiency 
as feed required per unit of gain. 

This figure may be useful in judging the adequacy of the nutrient 
combinations represented by the feed mixtures fed. If the animals 
are eating less than the standard calls for, as might be in the case 
_ of intentional feed restriction, we might expect that their gains would 
also be restricted. If the gain— feed ration remains normal one 
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TABLF 6-5 Feed Requirements for Growing Cattle According to 


Lne Weight Attained 


Expected do ly 

ga n Total a r drf 

Do ly feed reqa rement 


(lbs.) 

feed (Ibt) 


(Ibv) 






Cro 

n Roughage 

breed! breed* 

Beef 


(75% TDN) (50% 


(da 

ry) (da ryl 

breedi Do ry Seef 

Do ry 

Beef Dory 

Beef 

50 0 

5 OJ 


1 




too 1 

0 OS 


2 

2 



ISO 


4 

4 



200 M 16 


6 

4 


83 


3 IS 

1 6 

It 12 

45 

33 7 

600 C 

>S M 

lA 

15 16 

4 

13 11 

143 

800 1 

1 1 3 

\:2 

19 19 

23 

0 17 


tooo 

-> IJ 

1 0 

22 21 

0 

0 22 


1300 

— U 


24 

0 

26 


TABLE 6 

1-6 Feed 

Requirements of 

Crowing 

Pigs According to 

Li\e 

Weight Attained and Type 

of Carcass Wanted 


Normal 

Expected do )y go ni 

Averoge . 

io ly feed 

% TDN of 

meal 

we gSl 

Fot typo 

Bacon type 

Fot typo 

Bocon type 

Fol type Bacon type 

Ibt. 

Ibk 

Ibv 

Ibv 

Ibi 

Ibv 

Ibt 

5 25 

60 

AO 

20 

20 

80 

80 

75 50 

65 

65 

26 

26 

75 

75 

50 75 

1 35 

l 25 

36 

36 

75 

75 

75 100 

1J5 

1 J5 

A7 

A7 

75 

75 

100 135 

M5 

1^5 

56 

56 

75 

75 

135 150 

1^0 

1^0 

63 

70 

78 

67 

ISO 300 

IJO 

IJ5 

73 

80 

78 

67 


could assume that the nutnent assortment met requirements If 1°" 
feed intake is a \oluntar> reaction by the animal then fault> nutri 
cm assortment ma> be the cause of the restnction In such cases 
however feed cfncienc> is usually also adversely affected 
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Normal Growth Curves, Daily Feed Intake, and Expected Daily 
Gains of Young Animals. From the previous discussion we can see 
that any average statement of the energy requirements of young 
animals will be but a rough guide to the needs of specific individuals 
or of small groups of comparable animals. It may be useful, how- 
ever, to record typical data that are m use by the livestock feeder — 
data against which he frequently checks his own results. 

In order to set a workable figure for the daily feed that growing 
animals may be expected to consume corresponding to their live 
weights, we have to indicate as well the energy value of the rations 
referred to, particularly for herbivorous animals where, with advanc- 
ing maturity, the ration normally changes from one of relatively high 
TDN to one including more roughage material. 

Growth data and suggested corresponding feed requirements for 
young cattle and swine are shown in Tables 6-5 and 6-6. 

Conclusions: Where Do We Stand Now? 

In the preparation of a modem feeding standard the figure we 
finally set down for any particular category of animal as its probable 
daily need for energy, whether it be expressed as calories or TDN 
or starch equivalent, we must base on such considerations as those 
presented in the foregoing pages of this chapter, together with 
a review of the data from comparative feeding trials designed to 
elucidate energy needs. The discussions here, of necessity, have been 
abbreviated and the factors often simplified. Nevertheless, we should 
now understand that any decision on the probable true energy needs 
is not a simple matter of averaging figures. Perhaps some will con- 
clude that the whole matter is a hopeless jumble — that we can find 
no solution at present. Such a conclusion is a defeatist attitude and 
is unjustified in the light of the rccoiti of steady progress in ration 
efficiency, which parallels the development of feeding standards. 

The fact that the problem is complicated illustrates forcefully one 
of the so often disregarded characteristics of all feeding standards — 
that the figures are guides to the probable needs of a hypothetical 
average animal of the particular feeding category in question, but 
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they are not to be taken as defining m any precise way the quantity 
of a diet component that will need to be supplied to a specific animal 
for Its optimum performance Indeed, there may be no such figure, 
the needs of an individual may vary almost continuously for causes 
either not detectable clinically or not recognized as related to the 
problem 

This possibility in no way defeats the purpose of the feeding stand- 
ards nor minimizes the need for critical evaluation of data on which 
they are based In practical feeding, we can make adjustments when 
desirable to meet the peculiar needs of individual animals within 
feeding standard categories by adjustments in total feed allowances 
These adjustments are left to the pig or the beef cntter or the sheep 
wherever self-feeding is practiced With the dairy cow and the horse 
regulation of the concentrate feeds allows the feeder to use his skill 
m feeding, but even here different but comparable animals consume 
differing quantities of forage, and thus are not likely to consume 
identical quantities of nutnents 

But to establish the proportions of nutnents generally best suited 
for a feeding group, we have to set down average or at least typical 
values for each nutrient When viewed in this hght the significance 
of feeding standards is at once apparent 


P U 0 R L E i\\ 


1 Using the formulae on pages 136, 137, and the figure for net efficiency 
of milk production (p 140), prepare a table giving the TDN and the 
piounds of meal needed by milking cows of weights of 900 1100 and 
1300 lbs that are fed roughage of 50% TDN at rates of 2 lbs per 
100 lbs body weight, and are producing 4% milk, in daily amounts of 
25 40, and 55 lbs How does your feeding standard compare with 
that of N R C ■> 
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Hequirements for Protein 


FUNDAMENTALLY, it does not seem logical to attempt to rank 
on the basis of importance the nutrients ammals require If they are 
requirements, they must all be present, and the consequences of 
deficiencies are undesirable From the standpoint of practical feeding, 
however, and especially m the sense of daily requirements, we can 
rank nutrients in the order of their importance Thus, we find that 
deficiencies of energy cause prompt and usually economically impof' 
tant modifications in the performance of the anunal Reactions to 
unfavorable protein levels ate almost as prompt Appreciable dcfi 
ciencies in total protein or in the quality of protein, are reflected m 
decreased voluntary food intake and m less efficient use of the food 
that IS eaten Marked surpluses in protem o\er optimum requirements 
also reduce the efficiency of the laUon through increasing the specific 
dynamic heat loss from the body 

Most of the mineral elements, and most of the vitamins, are 
accumulated in the body, from which sources they are available for 
varying lengths of time to cany on their nutntional functions Conse- 
quently, deficiencies of such materials frequently do not result imme- 
diately in altered response by the animal But with protein, storage 
appears to be limited, and, consequently, the losses of protein from 
the body must be made good conUnuously through dietary intake 
Because adjustment of the protein lesel of the raUon is normally 
arranged by selection of appropnaie feedstufis, and because the 
quantities required bear a close relationship to the energy require- 
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ments, we need to discuss the fundamental basis of protein require- 
ments in some detail. The quantities of protein presumed to be 
needed daily by animals of various feeding categories are specifically 
set down in current feeding standards. Such standards, however, do 
not discuss the problems underlying the determination of the require- 
ments or the factors that may modify requirements, an understanding 
of which may be useful in getting the most out of our feedstuffs. 

We should point out at the outset that in the minds of many live- 
stock feeders lack of enough protein is the cause of most of the 
unsatisfactory results of livestock feeding. This attitude has un- 
doubtedly arisen, in part, from the emphasis placed on “balanced 
rations” at a time when balance was considered to be primarily a 
matter of proportion of protein to carbohydrate equivalent. In prac- 
tical livestock feeding undoubtedly many cases of unsatisfactory per- 
formance of livestock have been improved by more liberal allowances 
of foods of high protein content. It was quite natural, then, to 
ascribe such beneficial effects to protein; but recent evidence shows 
clearly that the improvement was frequently due to other nutrients 
that were contained in high protein feeds. It is also worth pointing 
out that in many cases the use of high protein feeds actually increased 
the available energy of the mixture through replacing low protein 
feeds of high fiber, or for other reasons of low available energy con- 
tent. For example, the introduction of linseed oilmeal into rations 
as a partial replacement for oats not only raises the protein level 
of the mixture but also reduces the fiber content and increases the 
TDN of such a mixture. 

Fate of Dietary Protein 

The basis for the requirement of protein in the ration eventually 
traces back to the losses the body suffers in nitrogenous end-products. 
In order to maintain the animal in nitrogen (or protein) equilibrium 
the intake must be sufficient to balance the output loss. It may be 
helpful, therefore, to consider the fate of the protein ingested by an 
animal in its ration. Fig. 7-1 is a flow-sheet diagram marking the 
different channels through which this nutrient finally disappears from 
the body. 
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Referring to Fig 7*1, we should note that the losses of this nutrient 
from the body of an adult non-producing animal may be grouped 
into four categories. 

1) Undigested and hence unabsorbed diet protein residues, 

2) Nitrogenous residues from the intestinal microflora, 

3) Spent digestive fluid nitrogen, 

4) Urinary excretion of the nitrogen wastage from the catabolic 
phase of intermediary protein metabolism 

For animals that are storing protein, such as in growth, there will 
also be requirements for tissue anabolism, and if animals are produc- 
ing protein-contaimng products such as eggs, milk, wool, hair, etc , 
there will be a further requirement to meet these needs 

To maintain an animal in protein equilibrium obviously these losses 
must be replaced Their sum represents the protein requirement of 
that animal To arrive at a working figure for the sum, we have to con- 
sider at least the more important factors that influence the losses 
represented 

The nitrogen (or the protein equivalent of that nitrogen) of the 
first three categories above appears in the feces undifferentiated as to 
origin The nitrogen of two of these categories does not represent 
undigested protein of the diet They are, rather, the chief components 
of what is referred to as metabolic fecal nitrogen In applied live- 
stock feeding the question of the exact origin of these two fractions, 
or even of the total quantities of protein they represent, is of relatively 
minor importance Of much greater significance is the relation they 
bear to the protein intake requirement 

By definition the apparent digestibility of protein is the percentage 
of the intake that is not recovered in the resulting fecal excretion To 
the extent that any portion of the fecal protein is not an unabsorbed 
diet residue, the calculated apparent digestibility of protein will be 
smaller than the true digestibility Because of the technical difficulties 
in measuring true digestibility, associated actually with the measure- 
ment of the metabolic fecal nitrogen, and because of the fact that 
the metabolic losses must ultimately be made good by protein intake 
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in any case, it is universally customary to use the apparent digest- 
ibility coefficient in dealing with applied feeding 

This practice, however, introduces a problem frequently overlootce 
m considering the protein value of feeds and. consequently, m deal- 
ing with statements of protein needs The factors involved may be 
summanzed somewhat as follows Protein from spent digestive fluids 
is proportional to the total feed intake and is independent of le\el 



•Ti APPAricAfT VIGKPT/Sftfrr OF PFOTEl** 
(Vnr MATTSF WTAKe - lOO UNiTff) 


Fig 7 2 Relation between protein intake and its apparent digestibility 
{Dry mailer intake constant ) 

of protein intake Bacterial protein of the feces probably increases 
slightly with uicreasing protem intake, since there may be some in- 
crease m the total microflora in liberal protem consumption The 
undigested diet protein residue should be a constant fraction of the 
protein intake for any given ration if we assume that the quantity of 
protem does not affect Us true digestibility The consequence is that 
apparent digestibility of the protein of a food is m part a function 
of the per cent of protein it cames This is illustrated m Fig 7-2 
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Thus, we see that where no other factors are involved, the higher 
the per cent of protein in the ration the higher its apparent digestibil- 
ity IS likely to be There are, however, other factors involved among 
winch crude fiber is perhaps the most important Increases in crude 
fiber in the ration tend to depress the digestibility of the protein 
Consequently, if increases m protein level are accompanied by in- 
creases in crude fiber as well, we may find little change in apparent 
digestibility since the increasing protein is balanced by increasing fiber 
insofar as the effect on apparent digestibility of the protein is con- 
cerned If, however, by increasing the protein level the crude fiber 
of the ration is simultaneously decreased, then the effect of increasing 
the concentration of protein will result m an increase in apparent 
digestibility of the protein Schneider made a quantitative study of the 
relationships between the proximate principles of a feed and the 
apparent digestibility of the several components using the statistical 
device of multiple correlation and regression He has published the 
following general equation for predicting apparent digestibility of 
protein of a feed, from its protein (.X’l), fiber (Xf>) and nitrogen-free 
extract (Xa) content 

% digestibility = C + hiXt + + bsXs 

Values for C and for the partial regressions (6) are specific for the 
class of feed and the appropriate figures are given m his paper * 
Only three of the four proximate pnnciples are used in any one case 

The effect of level of protein on its digestibility is illustrated by 
the calculations for two feeds of differing (i e , 35% vs 12%) pro- 
tein level 

Feed A, Dig = 4 7 + 1 233(35) -1- 755(8) 4- 626(52) 

= 86 4% 

Feed B, Dig = 62 + 821(12) + I 20(8) 4- [- 204(77)] 

= 65 7% 

From one point of view this question of apparent digestibility of 
protein is academic, since the range of protein levels ordinarily sup 

*J Antmal Sci V 2, p 1 (1953) 
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plied in the final mixed rations of livestock is not great enough 
to distort the apparent digestibility sufficiently to affect adversely the 
preparation of rations 

Referring again to the flow sheet, we can see that the protein that 
IS eventually digested and absorbed may be entirely used to meet 
the protein needs of the body, or it may under some circumstances 
be very largely used for ener^, and the ammo groups excreted ui 
some form m the urine The proportion of the digested protein 
that is actually used to meet protein needs in the body is called the 
biological value of the protein Two major factors appear to regulate 
the biological value of the protein of the diet The first one is the 
level of energy nutrition If the energy requirements of the animal 
are not fully met by non protein sources, then enough of the digested 
protein will be diverted to meet the energy deficiency 
When the energy requirement is adequately supplied from non 
protein sources, the chief factor that will control the proportion of 
the digested protein used for protein needs will be the particular 
ammo acid assemblage of that protein As the proportions of amino 
acids approach the ideal the biological value will increase 
Biological values of proteins, however, are not constants, they 
will be higher under minimum intake than when liberal allowances 
arc fed This vanation is partly because there is an upper limit to 
the needs at a given time, and surpluses of ideal mixtures of amino 
acids will be no more useful than left-overs from poor assortments 
Furthermore, the assortment needed is not constant but depends 
on the tissue to be synthesized We find clear example of this m the 
amino acid make-up of wool as compared to that of skeletal muscle 
(see Table 7-1 ) 

Marston suggests that the make up of the ammo acid pool avail 
able to the tissues in the circulating fluids determines, in part, not 
onl> the total but the kind of tissue that will be formed m the body 
Thus wool growth can be favored by arranging for relatively higher 
intakes of the sulfur-contaming amino acids 

We can see that the proportion of the digested and absorbed pro- 
tein from the ration, which ulUmately is used to meet the nitrogen 
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TABLE 7-1 Ammo Acid Composition of the Protein of Diet, Wool, 
and Muscle 


% of ammo odd N in totol N in 


Ammo Add 

Diet protein 

V/ool prote n 

Muscle prote i 

Cyjt ne 

1 2 

90 

08 

*Mefhion ne 

t 4 

04 

1 9 

•Threonine 

34 

47 

39 

Arginine 

125 

20 0 

15 3 

*H slid ne 

28 

1 l 

4 1 

•Lyj ne 

52 

3 2 

104 

‘Tryptophane 

1 5 

06 

1 0 

•Phenyfalanine 

26 

t 9 

26 

Tyrojine 

24 

20 

1 5 

*Louc ne 

6 2 

72 

53 

Isoteucine 

3 1 

— 

42 

•Votine 

4 1 

34 

43 


* Essential am no acids 


losses from the body’s metabolism, is a variable and is determined 
largely in an otherwise adequately nounshed animal by the quality 
of the ration protein m terms of its amino acid make-up For the 
moment it makes little difference whether there is a “pool” of amino 
acids, to which catabolic residues and dietary intake contribute, and 
from which quotas may be drawn for anabolism as needed, or 
whether some other scheme actually operates to permit the continual 
synthesis of enzymes and other nitrogen containing molecules indis- 
pensable for body function The fact is that under an energy adequate 
nitrogen-free dietary regime with adult non-producing animals of all 
species we hnd an irreducible minimum daily urinary nitrogen excre- 
tion, which represents a steady loss of protein to the body from its 
metabolism To attain nitrogen equilibrium this loss must be replaced 
from dietary sources 

In this connection we must interpret “dietary sources” somewhat 
liberally in order to include the herbivorous group of animals whose 
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bodies obtain the necessary assortment of amino acids indirectly 
from the diet through the synthesis of proteins by the intestinal 
microflora, so that the feeder of herbivorous animals does not need 
to arrange his ration to contain all of the essential ammo acids He 
must, however, supply about the equivalent of these amino acids in 
total protein in order to provide the necessary nourishment for the 
microflora found in the digestive tract 

Quantitative Considerations. Quantitatively this minimum protein 
metabolism of adult animals, as represented by the minimum en 
dogenous urinary nitrogen output, is related to their metabolic size 
This relation is evident from the fact that there is at all body weights 
a practically constant ratio between basal metabolism and so-called 
endogenous urinary nitrogen These represent, respectively, minimum 
energy and minimum protein expenditure Brody has assembled data 
showing this ratio (see Table 7-2) 


TABLE 7*2 Basal Metabolism and Endogenous Urinary Nitrogen 
at Different Body Weights 


Body we ghi 

Bgsel meTabgl tm 
Call /kgm 

Endogeneui ur nary 
ntrogen 
mg /kgm 

Rat 0 
/Coll 

1 

70 5 

146 0 

2 07 

10 

382 

76 6 

2 00 

20 

31 8 

63 0 

1 96 

40 

265 

52 0 

1 96 

60 

22 0 

42 7 

1 94 

100 

20J' 

40 2 

1 94 

500 

13.5 

25 6 

1 90 

Atl we ght$ 

223 2 

446 1 

2 0 


The resting energy metabolism, as we have already seen (Chapter 
6), IS expressed by the equation 

Cals =70(»'kg”) 
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Realizing that the endogenous urinary nitrogen is expressed in milli- 
grams, we can from the data of Table 7-2 write an equation for the 
probable minimum protein requirement in pounds as follows: 

2 X 70 X (iTL,,.'”) X 6.25 
Minimum protemib,. = 1000 X 454 

Examination of the appropriate data from the literature led Brody 
to conclude that the regression of “endogenous urinary nitrogen” 
on metabolic body size was 146 mgs., which agrees well enough with 
the value of (70 X 2) = 140 mgs. calculated from the ratios of 
Table 7-2. This value, 146 mgs. or 140 mgs., converted to its pro- 
tein equivalent and expressed as pounds, would represent the main- 
tenance requirement of animals for digestible protein if all of that 
which was digested were used to meet body protein requirements. 
That is to say, the protein had a biological value of 100%. 

The eSective biological value of ration proteins, or even the di- 
gested portion of them, is much below this figure. There does not 
appear to be any way of predicting what the actual biological value 
of a dietary protein will be; and even if there were, it seems unlikely 
that practical feeding practice would be adjusted with enough pre- 
cision to take advantage of such information. For economic reasons, 
substitutions of feeds arc frequently made at the expense of some 
quality in the protein mixture. What we really need is a working 
biological value that will be applicable to a protein mixture found 
in a typical balanced ration and fed according to acceptable practice. 

One way of estimating this wastage due to imperfect biological 
value might be by comparing the digestible protein allowance that 
feeding standards give for the maintenance requirements with the 
basic minimum protein figure as indicated by out calculations above. 
When we do this for cattle we find that the “minimum” requirement 
is about one-quarter of the digestible crude protein figure representing 
the average of the more important feeding standards in use today. 
Specifically, tlie calculations indicate that if the minimum protein 
requirement calculated from the formula given above is multiplied 
by 3.4, the resulting figure agrees with the average digestible protein 
requirement tor the maintenance of 1000 lb. dairy cows according 
to current feeding standards. The calculations are shown below: 
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Lb D C P equivalent ofl 

24 hrs endogenous un-[ _ 146 (456 X 6 25 _ q jgg jj, 
nary nitrogen per lOOOf 454 X 1000 

lb cow j 

Av D C P for mam-'l 
tenance for 1 000 lb cow I = 0 67 lb 
(from feeding standards)] 

Ratio Total/Endogenous =34 

Let us speculate as to how we make up this 3 4 figure Obviously 
we must include the wastage due to imperfect biological value, 
and some workers in protein nutrition have suggested that probably 
on the average the effective biological value of animal ration protein 
IS not far from 50% If we should take this figure we would have to 
double the calculated minimum endogenous protein equivalent calcu- 
lated from our original formula The other losses will, for the most 
part, be associated with metabolic fecal protein losses, and it has been 
estimated that under minimum conditions these m total are about 
equal to the endogenous urinary nitrogen excretion However, there 
IS no very satisfactory way of arnving at a reliable figure here, and 
perhaps the best we can do is to determine our result by difference 
For what suggestive information they may give, some of these rela- 
tionships have been worked out in Table 7-3 

TABLE 7-3 The Maintenance Requirement for Protein by o 
1000 lb Adult CoH 


H6tW »| X 675 
454 ^ 1000 
eqiMit to efldogenoui 


0 65 
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These relationships can be expressed in an equation as follows 


lb DCP/day = 


146(H\, ^') X 6 25 
454 X 1000 


X (1 + 1 + 1 4) 


This equation is a general one, applicable to all species to which 
the corresponding energy requirement equation applies 

As IS the case with energy, it is often desirable in practice to 
express protein need in terms of the total instead of the digestible 
value One practical reason for this practice is the fact that all com- 
mercially prepared rations or mixed protein supplements must be 
guaranteed as to minimum total crude protein If animal requirements 
are shown only in terms of digestible crude protein, we must make a 
conversion if the standard is to be useful as a direct guide to the 
preparation of rations 

Some may argue that conversion is not feasible, because the digest- 
ibility of protein of different feeds is variable and no satisfactory 
working figure for converting digestible to equivalent total protein is, 
therefore, possible This view may be questioned on the basis of 
published data, with the possible exception of roughages Table 7 4 
gives the coefficients of apparent digestibility of protein for the more 
commonly used concentrate feeds, from which we can see that indi- 
vidual feeds do not deviate widely from the average of 79% 

The standard deviation of individual feeds from this mean is ±4 7 
units of percentage, and if we can assume that an average meal mix- 
ture carries not less than four feeds, then it follows that the standard 
deviation of the average digestible protein calculated for the mixure 
will be ±2 4 units and only once in twenty cases would we find that 
this average coefficient of digestibility of protein would differ by 

more than x V^'x z) = ±4 8 percentage units from our 

original avera^ of 79% This variability is no greater than we may 
expect between the digestibility coefficients of different samples of the 
same feed Obviously, therefore, for working values in the practical 
use of feeds we can often give valid figures for the total crude 
protein that correspond to the digestible crude protein On this basis 
we may, then, also state the probable requirements of animals in 



164 - Applied Animal Nutnlion 

TABLE 7-4 Coefficients of Apparent 
Concentrate Feeds {Morrison) 

Digestibility of Protein of 

Feed 

% digest blty of prote n 

Barley 


79 

Barley feed (low grade) 


74 

Brewer* gre n» 



Buckwheat 


75 

Corn 


76 

Corn gluten feed 


86 

Cotlonieed meol 


81 

Diet Her* gro nt 


73 

Emmer 


80 

Fiihmeal 


81 

Horn ny feed 


71 

Linreed o Itneol 


84 

Moll *prout* 


77 

MIo 


78 

Ootf 


78 

R «e (rough) 


76 

Rye 


84 

Soybeon o Imeol 


85 

Wheat 


86 

Wheal bran 


83 

Short* 


85 

Wheat tcreen ng* 


70 

Average and tiondord devotion 

79 ± 47 


terms of total protein by assuming that the digestible value is equiva 
lent to about 80% of the total crude protein 

The digestibility of the protein of roughage feeds is lower than 
that for the concentrate feeds and is about twice as variable as 
measured by the standard deviation of eighteen common roughages 
The figures are shown m Table 7 5 

Not only is the variability of the protein digestibility of forages 
rather variable, but m practical feeding it is seldom that any nnX' 
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TABLE 7-5 Coefficients of Apparent Digestibility of Protein of 
Some Roughage Feeds (Morrison) 


Peed % digestibility of protein 


Alfalfa 

73 

Bermuda grass 

51 

Blue grass hay 

57 

Brome grass 

51 

Buffalo grass 

54 

Alsike 

68 

Red clover 

62 

Cowper hay 

68 

Mixed grasses 

50 

Koflr fodder 

52 

Mlilet 

60 

Kative western hay 

60 

Oat hay 

54 

Orchard gross 

60 

Sorghum 

56 

Soybean 

75 

Sudon grass 

56 

Timothy 

46 

Average and sfondord deviation 

63 ± 85 

ture of roughages will be fed at any given time. Consequently, it 
is less feasible to attempt to express protein requirements in terms 
of total protein where the ration is to be made up essentially of 


roughage. 

Protein Requirements for Growth 

The general characteristics of the growth of young animals have 
been discussed in a previous chapter dealing with the energy re- 
quirements of growth. We must realize, however, that the energy 
requirements for growing animals do not represent a requirement for 
the deposition of tissue. Tissue growth, in young animals, is largely 
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protein m nature — if for the moment we can neglect the water and 
the skeleton growth Hence, obviously an important consideration 
m the rations of growing animals is the protein 

The amounts of protein that should be found in the rations for 
growing animals will be affected by the size of the animal and by 
the rate at which new protein tissue is being formed And if we 
look at feeding standards individually, there does not seem to be 
any rhyme or reason to the figures shown as requirements Most 
of the figures for protein requirements for growing animals, however, 
have been determmed in actual feeding trials and, consequently, are 
not to be taken as mete estimates On the other hand, if the infor- 
mation that IS available concerning protein requirements is to be 
useful in the practical feeding of animals, we must find some com- 
mon basis of expressing these requirements in terms of the per 
cent of protein m rations 

We have already shown m a previous discussion in this book, 
that the energy requirements and the protein requirements bear a 
definite relation to each other for adult ammals, and it seems reason- 
able to believe that the same thing might be true m the case of 
growing animals at any particular stage of growth 
Gilbert and Loosli* have attempted to bring some order out of 
the masses of data m the various feeding standards, and in 1951 
published their report under the heading “Comparative Nutrition of 
Farm Animals ” These authors found that at physiologically equiva- 
lent ages the nutrient requirements for protein, calcium and phos- 
phorus arc similar for the various species if expressed as a con- 
centration of the TDN requirement The ratio of these nutrients to 
the energy intake changes with advancing age because of the change 
in the composition of the growth increments If they expressed the 
digestible protein as a percentage of the TDN requirement, these 
authors found u possible to prepare a generalized recommendation 
for protein applicable to most species of farm animals The figures 
they present are found in the first four lines of Table 7-6 These 
form the basis, in part, of the data of subsequent lines 

The important part of Table 7-6 at the moment is the data in the 
•J Animal Sa V 10 p 22 (I9>1) 
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TABLE 7-6 Calculation of per Cent of Protein Needed in Meal 
Mixtures for Growing Swme or for Dairy Cattle 




% adult weight atta ned (S 

wine) 



10 

20 

30 

40 

50 

60 

Average weight^ lbs 

50 

100 

150 

200 

250 

300 

Total doily feed* lbs 

3 

53 

68 

75 

83 

88 

Da ly TON* lbs 

23 

40 

5 1 

56 

6.2 

66 

D C P os % of TON* 

18 

U 

14 

135 

12 1 

11 4 

Pounds feed 







grain* 

3 

53 

68 

75 

83 

88 

roughage* 

0 

0 

0 

0 

0 

0 

Pounds protein* 

52 

8 

89 

94 

94 

94 

% total protein needed in 







meal mixture* 

17 

15 

13 

12 5 

1 1 3 

107 

% adult weight attained (Dairy Cattle) 


10 

20 

30 

40 

50 

60 

Averoge weight* lbs 

140 

280 

420 

560 

700 

840 

Total de ly feed* lbs 

35 

80 

11 4 

140 

170 

195 

DolyTDN* lbs 

28 

50 

66 

80 

92 

10 1 

0 C P as % of TON* 

207' 

148 

123 

106 

96 

90 

Pounds feed 







gro n* 

35 

40 

40 

40 

2 

1 5 

roughage* 

0 

40 

74 

100 

15 

17 

Pounds prote n* 

3Z 

92 

1 02 

1 06 

1 11 

1 13 

% total protein needed In 







meal mixture* 

21 

15 

14 

12 

11 

9 


' From Gu Ibert ond loojl , / A" SeF V 10(1951) p 22 31 

* Groin = 75% TON with prolein 80% d getHbl* 

* Rogohoge = 50% TON end 6% O CP 

TON X • 23X 18 

* Povndi prolein “ ■ ■ 50 % ** 80 " 


* prole n 


i br prole n — (Ibr rovgboge X 5%) 
lb* meol 


52-0 

3 


17 % 


• Aid oppi coble 10 orowiog be.l coni, oot b.log loll.n.d 
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last line, which indicate the approximate percentages oE 
protein that should be found m the meal mixtures intended for the 
two classes of stock noted according to the stage of developmen 
of the animals 

Protein Requirements jor Lactation 

We can give a statement for the protein requirements for lactauon 
somewhat more easfly than we could for growing animals, because 
the problems mvolved are less comphcated Lactation represents 
a direct loss of protein to the body, which, obviously, must be re- 
placed, and we can calculate the extent of this loss m a relative y 
strai^tforward way Expenmental evidence mdicates that animals 
are able to adjust themselves with respect to lactation over a rela- 
tively wide range of protein intake, which seems to range all the way 
from one to six times the quantity of protein that has been excreted 
in milk Many dairy cattle research workers feel that if we add to 
the maintenance requirement enough protem to replace that lost to 
the body m the milk produced plus about 25%, we meet the muii 
mum requirements for lactation No distinction is made between 
milks of differing fat content insofar as protem requirement is con 
cemed Not is there any evidence that feedmg more hberal protein 
than is called for by 1 25 tunes that of the milk is harmful The 
only reasons for feedmg minim um allowances appears to be one of 
economy 
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Requirements for Minerals, Vitamins, 
anil Miscellaneous Additives 


Minerals 

FEEDING STANDARDS have only recently included data on 
the needs of animals for mineral elements, and then it has been largely 
limited to calcium and phosphorus Nevertheless information has 
been accumulatmg regarding all of the dozen elements which we now 
consider as essential These are conveniently grouped mto macro 
and micro elements, the former being the ones ordmarily discussed 
m terms of pounds or kilograms, and the latter those described m 
terms of grams, milligrams, parts per million, or other terms ap- 
plicable to very small units or quantities 

All of the N R C Standards give figures for the quantities of cal- 
cium and phosphorus believed needed by animals, and sometimes 
also the standards show the common salt requirements The quanti- 
ties, however, are much less certainly established than they are for 
energy and protein In general they are on the liberal side, especially 
in the case of phosphorus Nutritionally these liberal values may not 
be particularly serious, because animals appear to be tolerant of a 
considerable excess of both calcium and phosphorus, and probably 
of several other elements as well We have only to examine the figures 
for the calcium and phosphorus content of feeds used m livestock 
feeding to realize that many rations which have been successfuHv 

ro 
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fed contain these two elements m amounts and proportions that 
differ widely from the presumed requirements For feeds commonly 
fed to cattle and sheep this variation is graphically shown m charts 
prepared by Dr G Bohstedt* of the University of Wisconsin (see 
Figs 8-1, 2, and 3) 

The wide tolerance, where adequate drinking water is available, 
of all farm stock for salt is well known to feeders generally 
The problem of excesses of Ca, P, and NaCl is not the same for 
each Salt is commonly supplied as an ingredient of a mixed mineral 
supplement Here it acts not only as a nutnent but as a condiment to 
encourage free choice consumption of the mineral mix which other- 
wise might not be readily eaten Obviously as the proportion of salt 
in the mix increases, the quantities of the other ingredients must de- 
crease This excess of salt could easily defeat the purpose of the 
mineral supplement, especially in the case of calcium and/or phos- 
phorus, which are needed m amounts approachmg those of salt 
Economically there may be a temptation for the manufacturer of 
salt-containing mineral mixtures to include such a large percentage 
of salt that the mix is no adequate protection against calcium and 
phosphorus shortage 

The latest revision of the Canadian Feeding Stuffs Act includes a 
regulation dealing with this situation It merely specifies that if salt 
IS an ingredient of a mixed mineral supplement that also supplies 
calcium and phosphorus, it cannot exceed 25% in a swine, or 33% 
in a cattle or sheep supplement (see Appendix II, page 420) 

The excessive use of phosphorus becomes a problem where the 
carrier contains fluorine, as many of them do, especially those m 
the lower price groups We discuss Iluonne problems elsewhere m 
this book (Chapter 13) 

The problem of excessive use of calcium sources in a mineral mix- 
ture IS usually one having to do with the effects on the quantities of 
phosphorus (and perhaps also of salt) that can be present, and 
arises mostly because ground limestone is cheaper lhan pbosphoius 
cirriers In general no supplementary calcium (wiihout phosphorus) 

* Procrrttmss Scmi Annual Mcclmg of the Nulrilion Council of ihc Amen 
can Peed Manufacturers Ass tl9SI) 
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Minerals 

FEEDING STANDARDS have only recently included data on 
the needs of animals for mineral elements, and then it has been largely 
limited to calcium and phosphorus Nevertheless information has 
been accumulating regarding all of the dozen elements which we now 
consider as essential These arc conveniently grouped into macro 
and micro elements, the former being the ones ordinarily discussed 
m terms of pounds or kilograms, and the latter those descnbed m 
terms of grams, milligrams, parts per million, or other terms ap- 
plicable to very small units or quantities 

All of the N R C Standards give figures for the quantities of cal- 
cium and phosphorus believed needed by animals, and sometimes 
also the standards show the common salt requirements The quanti- 
ties, however, are much less certamly established than they are for 
energy and protein In general they are on the liberal side, especially 
in the case of phosphorus Nutritionally these liberal values may not 
be particularly serious, because animals appear to be tolerant of a 
considerable excess of both calcium and phosphorus, and probably 
of several other elements as well We have only to examine the figures 
for the calcium and phosphorus content of feeds used m livestock 
feeding to realize that many rations which have been successfully 
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fed contain these two elements in amounts and proportions that 
differ widely from the presumed requirements. For feeds commonly 
fed to cattle and sheep this variation is graphically shown in charts 
prepared by Dr. G. Bohstedt* of the University of Wisconsin (see 
Figs. 8-1, 2, and 3). 

The wide tolerance* where adequate drinking water is available, 
of all farm stock for salt is well known to feeders generally. 

The problem of excesses of Ca, P, and NaCl is not the same for 
each. Salt is commonly supplied as an ingredient of a mixed mineral 
supplement. Here it acts not only as a nutrient but as a condiment to 
encourage free choice consumption of the mineral mix which other- 
wise might not be readily eaten. Obviously as the proportion of salt 
in the mix increases, the quantities of the other ingredients must de- 
crease. This excess of salt could easily defeat the purpose of the 
mineral supplement, especially in the case of calcium and/or phos- 
phorus, which are needed in amounts approaching those of salt. 
Economically there may be a temptation for the manufacturer of 
salt-containing mineral mixtures to include such a large percentage 
of salt that the mix is no adequate protection against calcium and 
phosphorus shortage. 

The latest revision of the Canadian Feeding Stufjs Act includes a 
regulation dealing with this situation. It merely specifies that if salt 
is an ingredient of a mixed mineral supplement that also supplies 
calcium and phosphorus, it cannot exceed 25% in a swine, or 33% 
in a cattle or sheep supplement (see Appendix If, page 420). 

The excessive use of phosphorus becomes a problem where the 
carrier contains fluorine, as many of them do, especially those in 
tile lower price groups. We discuss fluorine problems elsewhere in 
this book (Chapter 13). 

The problem of excessive use of calcium sources in a mineral mix- 
ture is usually one having to do with the clTccls on the quantities of 
phosphorus (and perhaps also of salt) that can be present, and 
arises mostly because ground limestone is clicapcr than phospliorus 
carriers. In general no supplcmcntar>’ calcium (without phosphorus) 

• Proceedincs, Scmt-Annu.il Mcciine of the Nutrition Council of the Ameri- 
can Teed .Vtanufacturers A^s (1951). 
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Fig. 8-1. Calcnim contents of common forages, and recommended 

centages of calcium in rations for cattle and sheep {The diagonals 
represent the minimum to maximum feeding standard requirements 
for the classes of animals bracketed ) 




PEnCBUTAGbS OF FMOFPHOJtUF 

nc. 8-2. phosphorus contents of common forat'es. and recommended 
percentof^es of phosphorus in rations for cattle and sheep. (The 
diagonals represent the minimum to matimum fcedinp standard re- 
quirements for the classes of animals bracketed.) 
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Fig 8-3. Phosphorus ctmlents of common concenlrates fThe diagonals 
represent the minimum to maximum feeding standard requirements 
for the classes of animals bracketed ) 


IS needed with herbivorous rations, but with swine and poultry rations 
that do not include roughage there may be more demand for calcium 
than for phosphorus This species difference is also recognized m the 
regulation in the Canadian Feeding Stu^s Act covering mineral mix 
lures, by restrictions on the maximum and/or minimum ratios between 
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calcium and phosphorus permitted in mineral supplements (see 
Appendix No 2, page 420) 

The Trace Minerals. The quantitative data here are limited, and 
those responsible for the N R C Standards have not been prepared 
to specify “requirements ” But as a guide to the use of the trace 
minerals in rations, we have assembled in tabular form the tentative 
figures given by various research workers for the several elements 
(see Table 8-1) 


TABLE 8-1 Summary of Some Recommendations Regarding Needs 
of Livestock for Trace Minerals 



Beef Cottle and Sheep 

Dairy Cotllo 

Hogs 

tod ne 

Salt at 01^ Kl 

Salt at 0076^ Ij 

Sot» ot 007% U 

Salt et 01% Kl 

02 mg /lOO Ibi 1 ve 
weight do ly to preg 
nont iow» 

Cobott 

0 1 ppm of dry feed 

01 mg/lOO Ibi tve 
wt doify 

0 03 mg /lb dry feed 

1 0 mg /do y/ 1000 lb 
cow 

0 1 ppm of dry feed 

0 9 mg /lb dry feed 

Copper 

50 mg /lOOO lb cow 

5 tng /jheep 

10 mg /1 000 lb cow 

0 03% of mlnerol ml* 

(f um/WD ibt lirv 
weight It maximum lot 
eronce) 

1% copper lulfote In 
free choke feed min 
erol mix 

5 ppm of dry feed 

2 mg /pig 

<5% of tvpplementarf 
Iron to boby pigt 

iron 

0025'o Fe In dry feed 

28 mg /Wg 1 vewelght 

50 ppm in dry feed 

0 1 % FeOi in mineral 


Mognetivm 


4 tng /lOOO lb cow 
06% in dry feed 


Mar>gan«t» 

7 r*o /lb dry feed 

7 mg /lb dry feed 

30 ppm- In dry feed 

1 2 ppm. of dry feed 
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Vitamins 

Another expansion of feeding standards has been the consideration 
•of vitamin needs Here we find a sharp species difference, as we 
need give no attention to the B-complex with herbivora With cattle, 
sheep and horses, however. Vitamin A and sometimes D are now 
thought often to be needed in excess of that supplied by their forage 
and gram The quantitative figures are given in the N R C Standards 
and need no further comment here (see Chapter 9) The needs of 
these species for Vitamin D is recognized but no figures other than 
for young animals have been suggested 

For swme the requirement figures cover, m addition to Vitamins 
A and D, five B fractions for all classes, as well as choline and Bi» 
for the very young animals Of the required vitamins the feed will 
probably have to make provision for sources of carotene, riboflavin, 
and pantothenic acid in rations for different classes of this species 

Antibiotics 

While this book does not discuss in any detail the physiological 
roles of the nutrients needed by livestock it may be in order to depart 
from this position somewhat in order to give consideration to the 
problem of whether or not to fortify rations with antibiotics Since 
any judgment and decision we may make in the matter depends 
in part on what function these products have, and since there is 
not m the usual scientific or m the animal husbandry literature any 
broad summary of the present knowledge we shall attempt here to 
present a condensed statement of what now appears to be known 
with respect to these substances Probably the most comprehensive 
review of the nutritional effects of antibiotics is given in the Fine 
Chemicals Technical Bulletin No 3 (1955) of the American Cyana 
mid Company under the authorship of T H Dukes and W L 
Williams of the Lederle Laboratones Division We have taken from 
this publication most of the material summarized here 

The most concise statement that has appeared as the reason fo^ 
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feeding antibiotics is given by Dukes and Williams in these words 
■“It IS logical to expect that the rate of growth of an animal will be 
increased when a pathogenic or debilitating infection has been elim- 
inated ” That this IS, m fact, the funetion of antibiotics fed as feed 
adjuvants is now reasonably well established The lines of evidence 
that support the view that their growth effect is due to antibacterial 
action in the intestinal tract has been summarized by these authors 
as follows 

1) The antibiotic growth effect is shared by a group of substances of 
diverse chemical characteristics The only known property which 
these substances have in common is their antibacterial potency 

2) Aureomycm, penicillin, and streptomycin were ineffective m pro- 
moting the growth of chick embryos when injected under sterile 
conditions ' Germ free” chicks did not show a growth response to 
antibiotics and neither did chicks which were kept under conditions 
which tended to reduce or eliminate contact with bacteria, thus indi- 
cating that the growth response is dependent upon an antibacterial 
effect 

3) Injected aureomycm and penicillin showed at the best a weak growth- 
promoting action as compared with their effect m the diet Any 
growth promoting effects produced hy injection could be explained 
by the excretion of a part of the injected dose into the intestine 

4) Bacitracin and streptomycin, which are not readily taken up from 
the gut, have a growth promoting effect when added to the diet of 
chicks, thus implying that the effect is due to their activity m the 
intestine 

5) Despite Its wide antibacterial potency, chloramphenicol has only a 
\\eak antibiotic growth effect, which may be due to the fact that 
this antibiotic is absorbed through the gastric wall and hence does 
not tend to reach the intestinal tract when added in small quantities 
to the diet 

6) Hydrolysis with penicillinase led to a disappearance of Ihc growth- 
promoting aclivily of penicillin in chicks The antibacterial potency 
was also destroyed by this treatment 

We do not know how antibiotics affect the intestinal flora There 
IS evidence to support at least three possibilities \iz (1) Tlicj may 
inhibit or destroy organisms that produce subchnical infections. 
(2) they may increase the number or activity of organisms that 
synthesize growth factors which arc ultimately available to the host. 
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and/or (3) they may inhibit organisms that compete with the host 
for nutrients 

Of these the first is already well supported by experimental evi- 
dence from studies with poultry and pigs There is evidence a o 
that inclusion in the ration of one or other of the now common anti 
biotics can be expected under most practical conditions to result in 
an increase in feed intake and often, though not always, an increase 
in feed efficiency in producing gains The more often noted effect o 
the increased feed intake is a corresponding increase in weight gain 
Growth of pigs IS commonly stimulated by 10 to 15%, with fee 
efficiency improved in the order of 5 to 7% Such difficulties as 
diarrhea are usually easily controlled and unthrifty pigs often show 
marked improvement in performance 

Another consequence of antibiotic inclusions has been a decline m 
the need for protein level of the pig ration This effect must be an 
indirect one, and it may be related to the nutrient needs of the 
different types of microorganisms of the intestinal tract of the pJgs 
In this connection, however, we should again point out that prO’ 
tein has been erroneously credited and/or blamed for many effects 
in livestock feeding The levels of protein recommended and used 
by some feeders and, indeed, by some investigators have been ap* 
preciably higher than those others have found adequate The reduc- 
tion made possible by antibiotic feeding has been more apparent 
where the higher protein recommendations were being followed 
previously 

The mcreased feed consumption and consequent increased ga*''* 
have led to some misgivings insofar as pigs in the “finishmg” stages 
are concerned Increased feed intake at this stage normally results m 
fatter carcasses — a condition incompatible with high quality bacon 
There are reports from several expenments suggesting that this effect 
IS negligible, or even that no such effect exists We should pm*'* 


out, however, that all biological reasoning leads to the conclusion 
that extra energy intake above maintenance needs must result in 
fattening m proportion to the ratio of energy intake and energy 
the tissue formed And experimental evidence from stations in areas 
where the more critical specifications of fat and lean m an acceptable 
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bacon rasher are used, has led investigators in such areas to recom- 
mend the removal of antibiotics from the rations of bacon hogs after 
they have reached the “finishing stage” (i e , weights of about 125 
pounds) 

Expenments show that the beneficial effect of antibiotics in poultry 
and pig feeding are also likely m calf and lamb feeding Calf scours 
m particular are usually well controlled by antibiotics 

It IS not appropriate here to discuss in further detail the nature or 
extent of the response given by animals to antibiotic feeding We have 
said enough to indicate the desirability of including one or other of 
these substances in the rations of young animals kept under usual farm 
conditions The beneficial effects are likely to be inversely propor- 
tional to the degree of sanitation of the housing quarters Antibiotics 
show no effects in environments in which bacteria are absent Better 
than average sanitation therefore tends to nullify m part the growth 
effect of antibiotics This conclusion should not be interpreted to 
mean that sanitation can justifiably be neglected merely by the use 
of antibiotics There are obviously other reasons for sanitation 
The problem we must consider now has to do with the quantities 
to be used Evidence is not complete nor is there agreement between 
recommendations Insofar as swine feeding is concerned the com- 
mittee that is responsible for the N R C Swine Standards has stated 
its position in the matter as follows. 

A summary of all the antibiotic work conducted with swine to dale 
shows the following effects Groixtng pigs (1) It increases growth rate 
an average of 10-20 per cent The higher over-all nutritive value of the 
. ration, the less the improvement of growth due to antibiotic additions 
(2) It may increase efficiency of feed utilization up to 5 per cent With 
certain poor quaht> rations, the efficiency of feed utilization may be 
increased considerably more (3) Antibiotic feeding tends to reduce 
the amount of protein supplement needed in the ration for swme It is 
not yet clear how much of ibe prolcin-spanng effect is due to the anli- 
biolic and how much to a ration more adequate in 13,;. nboflavin, niacin, 
panlothcnic acid, and olher nutrients Evidcnll>, protein requircmcnls 
h'l^c been high in Ihe past because protein supplements were supplying 
factors other than ammo acids (4) The grcatcsi beneficial effect from 
antibiotics is observed during the early growth period Older animals 
arc bcncfiicd by antibiotic supplementation, but the improscmcni in gam 
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IS not as great as for younger animals (5) When antibiotics 
to a weight of 100 125 pounds and then dropped from the diet, the p g 
slow down m rate of gam Thus for continued maximum ’ 

necessary to feed antibiotics from weaning to market weight ( ) 
antibiotics are fed to fattening pigs (ic, market pigs over 
weight) a fatter carcass is likely to be produced (7) Runty pigs an / 
young pigs suffering from scours respond markedly to antibiotic fee ing 
(8) Antibiotic feeding results in a more uniform group of pigs by mar c 
time (9) Antibiotics increase bloom and in some cases are i? 

preventing a skin dermatitis (unidentified type) with certain rations ( 
Antibiotics give a favorable response with pigs both in drylot an on 
pasture (11) At present there arc insufTicient data to conclude t a 
combinations of antibiotics are more effective than any single one us 
at the appropriate level (12) A level of 5 milligrams of antibiotic per 
pound of total ration (10 gm per ion) or 25 milligrams per pound o a 
protein supplement (50 gm per ton) which is intended to be fed rec 
choice with gram is probably quite near the desirable level of antibiotic 
feeding This level may vary somewhat, depending on the antibiotic, 
the ration used, and environmental conditions 

Breeding slock and suckling pigs (1) There is some evidence to inoi 
cate that the feeding of antibiotics to pregnant sows at levels of lO to i 
milligrams per pound of ration may increase the birth weight and hva 
bility of pigs (2) Antibiotics are not transferred through the milk o 
sows in sufficient amounts to show a marked stimulation m the grow"* 
of nursing pigs (3) Feeding antibiotics to pigs in creep rations dunng 
the suckling period will increase the weaning weight 5 to 10 pounds a 
56 days of age • 
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CHAPTEn 


Feeding Standards 


ACCORDING to orthodox definition a jeeding standard is a 
table in which is recorded what is believed to be the daily need 
of a specifically defined animal for one or more of the recognized 
nutrients. Standards have been proposed for most of the kinds of 
animals that are kept in captivity, and some of them date back at 
least to 1810. 

In 1943 the Committee on Animal Nutrition of the U.S. National 
Research Council embarked on a long time project of preparing and 
keeping up-to-date by periodic revision a set of modem feeding 
standards for the several species of animals which are kept in cap- 
tivity, including not only the so<aIlcd farm animals and poultry, but 
fur-bearing animals, dogs and some laboratory animals. To deal 
with each species, a small committee of specialists is appointed to 
review the literature and from it to prepare a table of nutrient needs. 
The sub-committee proposals arc then reviewed by the parent N.R.C. 
Committee on Animal Nutrition. By this means the uniformity of 
style as well .as of general policy is more easily arranged. When 
fin.ally approved, the standards, called Nutrient Requirements lor 
Suine (or Poultry, or Reel Cattle, etc.) arc published in pamphlet 
form. Tlic nominal sale price (SOf) is used to maintain a revolving 
fund to finance revisions, etc. The project makes available up-to-date 
tables on the nutrient needs of animals. The text also includes perti- 
nent information not suitable for tabulation, as veil as extensive 
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references to research literature aimed at establishing the require 
ments for specific nutrients 

Since these standards are under constant review and revision, 
attempt to duplicate them would be largely waste efTort The asic 
tables from these N R C Standards of the nutrient requirements o 
the several feeding categories of swine, dairy, and beef cattle are 
reproduced elsewhere in this chapter Before referring further to them, 
however, we should consider feeding standards in general in order l a 
they may be more correctly used in the preparation of animal rations 

The Evolution of Feeding Standards 

Tables of requirements have, over the years, become more specific 
and more inclusive as our knowledge of nutrient needs and of factors 
that determine and modify them has expanded Whereas early stan 
ards dealt chiefly with energy and protein for average anima s, 
modern tables not only include caloric needs, but those for ammo 
acids, vitamins and minerals as well and, in addition, they may b® 
highly specific m defining the animal to which the requirement figures 
apply The evolution of the feeding standard, however, has been 
more a matter of additions than of quantitative revision It is worth 
noting that in the important standards for dairy cows that have been 
proposed since about 1900, there have been no important changes 
in the energy or the prolem figures, either for maintenance or for 
milk production Significantly also the quantities of these two nutri- 
ents are essentially the same in all recent standards 

The Nature of Early Standards. The philosophy underlying the 
objects of feeding standards is of interest and also of importance 
in using the figures Many of the standards m use (in fact most of 
the earlier ones) reflect the research, observations, and ideas of one 
man We might take as an example the tables that were presented 
by Kellner In his description of how he arrived at the maintenance 
energy and protein figures, he also states a typical philosophy regard 
ing standards 

He did his work on the maintenace of cattle with oxen at rest 
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He chose such animals because “the feeding of working oxen at 
rest IS the simplest task which the owner of cattle has to undertake, 
they are practically sexless, little subject to nervous influence and 
except for slight growth of hair, hoof and horn, do not increase in 
size, nor do they perform any utihzable work ” His aim was to feed 
them “so that the body does not need to supply any of its substance 
for the production of energy and that on the other hand, there shall 
be no excess of food to be made into fat ” * 

Kellner then proceeded to feed two groups of resting oxen, using 
an “insufficient” ration for one and a “sufficient” ration for the 
other He publishes the results of this typical experiment with figures 
assembled m Table 9-1 


TABLE 9-1 Example of KellneFs Energy Balance Studies to 
Establish Maintenance Needs of Cattle 


Animali 

D ge$> ble nutnenf* conjumed 

Gain or let* of 

Profe n 

fof 

CH,0 

Storch 

«qutvalenl 


Body faf 


'<9 


kgi 

kg* 

gms 

gm* 

III 

35 

10 

617 

4 00 

-51 

+ 139 

iv 

Zi 

to 

6 08 

3 96 

-57 

+45 

B 

26 

12 

6 63 

4 52 

-144 

-172 

C‘ 

42 

,21 

6 58 

4 60 

-6 

+ 1 

Averoge 

35 

13 

637 

4 28 

-65 

+3 

V 

50 

07 

6 45 

5 04 

+48 

+235 

VI 

57 

07 

631 

4 64 

+26 

+263 

20 

65 

JO 

6J8 

SJ6 

-7 

+ 158 

A 

56 

18 

6 62 

544 

+66 

+227 

C» 

54 

28 

7 26 

5 04 

+ 161 

+37 

Average 

59 

SO 

668 

5 20 

+59 

+184 


The exact rations used arc not particularly important if we as- 
sume for the moment that the digestible protein, fat, and carboh>dratc 

• kcUncr The Scienufic reeJtnt: of Ammats Chip II, The Maermlhn Co , 
(1913) 
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have the same usefulness regardless of their origin Kellner points out 
that such an assumption is not always justified — a fact we appreciate 
fully today He corrects m part for this assumption by expressing 
the total energy intake in terms of starch equivalents (see Chapter 3) 
The conclusions Kellner amves at from these data are of mterest 
He states “ it suffices for maintenance to give 0 5 kg digestible 
protein and 5 2 kgs starch equivalent As, however, m practice it is 
not advisable, owing to the individuality of the animals, to restnct 
the feeding to the absolute minimum, it is preferable to reckon per 
day 0 6 0 8 kg digestible protem and 6 0 kgs starch equivalent 
This standard assumes that coarse fodder will be used and any 
deficit in protein will be made good by oilcakes, etc Such 
rations contain sufficient mineral substances, for mvestigations 
have shown that daily consumption of 50 gms phosphoric acid and 
100 gms Ume per 1000 kgs body weight will meet all rC' 
quirements ’* 

These data and comments by Kellner illustrate several charac- 
teristics inherent in most Feedmg Standards For example, we can 
see from the data of Table 9-1 that the variability between animals 
in nutrient mtake and m their response m body weight is considerable 
In this connection we should note that from a study of a large num- 
ber of feeding trials (Crampton, 1933) it was concluded that for 
normal feeding trials the variability that could be expected between 
animals within lots as measured by the standard deviation was rela 
lively constant for different trials The average coefficients as a 
percentage of the means are shown m Table 9-2 


TABLE 9-2 Probable Average per Cent Variability Between 
Animals Within Lots of Gam Feed Consumption, and Cains 
per 100 lbs Feed Eaten 


Meaiwrem«nt 

Uogi and cattle 
(SD m%) 

(S D in %) 

Ijv« we gM ga ni 

17 

21 

Feed contumpton (90% dry tnatter) 



Feed requ red per 100 Ibi. go n 

11 

13 
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If we apply the appropriate coefficient to the means of Table 9-1 
(assuming that variation in feed required per 100 lb. gain is a direct 
reflection of variation in nutrient need), the probable necessary in- 
take per 1000 lb. weight, in protein and in starch equivalent to meet 
the maintenance needs of 95% of cattle under practical feeding 
might be taken as 0.72 and 6.34 lbs. respectively (see Table 9-3). 


TABLE 9-3 Probable Maximum Protein and Starch Equivalent 
Requirement of Kellner’s Oxen 



Mean ± 

Maximum 

Kellner's 

fAeasuremenl 

S.O. X 2 

probable need 

tnaKimum 

Protein (lbs.) 

0.59 ± 0.13* 

0.72 

0.6 

Starch equivalent (lbs.) 

5.20 ± 1.14t 

6.34 

6.0 


*.59 X 11^ X 2 = .1298 
t5.2Xn%X2« 1.144 


In his standard, Kellner has increased his observed average pro- 
tein to a maximum of 0.8 lb. and the starch equivalent to 6.0 lbs. 
per 1000 lb. body weight. In the former his margin is rougly 35% 
over his observed average, or 10% over the probable maximum need 
to adequately nourish a 1000 lb. ox. For energy, however, he raises 
his standard only 15% above his mean which is at least 5% below 
what one such animal in 20 might be expected to need for its 
maintenance. 

These figures are cited to call attention to three points. First, the 
figure in a feeding standard, given as the requirement for a nutrient, 
is usually considerably above the actual average intake of the group 
of animals whose performance was judged satisfactory. It is set at 
a level the investigator believes is safe — one he believes guarantees 
that all comparable animals will be adequately provided for. 

Second, the magnitude of the mar^ns over the actually observed 
satisfactory intakes applied to different nutrients arc not consistent. 
Such margins seldom bear any conscious relation to normal varia- 
bility of the animals described, or to the variability of the nutrient 
in different samples of the kinds of feeds used in the feeding tests. 




186 - Applied Animal Nutrition 

There is no particular objection to the feeding of rations that are 
more liberal than actually needed There is objection, however, to 
including such excesses as a part of requirement figures Such figures 
become a mixture of true requirement plus some extra allowance, 
the magnitude of which represents an opinion without experimental 
basis When a feeder has to adjust feeding to produce some particular 
result, such standards are of uncertain value 

The third matter is that of other nutrients, consideration of which 
was not a part of the primary objective of the particular compara 
tive feeding test Kellner says, in effect, that neither phosphorus nor 
calcium need be considered, because the feeds used alreadj supplied 
more than the quantities other studies had shown to be enough This 
statement raises an important question m connection with some 
modem standards, namely, whether the results of different and un- 
related studies can be assembled into a montage of nutrients to give 
a recipe for a nutritionally complete diet 

The Significance of Balance 
Between Nutrients and Energy 

The answer is not straightforward nor simple, but the basic factors 
involved are ( 1 ) whether the nutrients in question are mtenelated 
or interdependent in function, and (2) whether seemingly comparable 
animals will react the same to identical rations We should consider 
both questions 

With respect to energy and protein, Brody’s classical studies m 
this field* have brought together data, from which it is evident that 
irrespective of species there is a close relationship between the 
fasting protem (nitrogen) and fasting energy catabolism in the adult 
(see Chapter 7) When we make our calculations on the basis of» 
adult maintenance, we find that about 10% of the total calories 
should be denved from protein Research by Forbest et al clearl) 
demonstrates that increasing the protem level between equicaloric 
rations for maintenance causes a decrease m efficiency of the ration 

* Bioenergel cs and Growth (1945) 
t; Nut V 28 p 189 (1944) 
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by increasing the specific dynamic heat production and decreasing 
the metabolizable energy. On the other hand, greater concentration 
of protein is required for the most efficient rations where growth 
or production are involved. The requirement is related to rate of 
growth or level of production as is also the increased energy demand. 
Consequently, the protein demand is related to energy need, though 
the proportions differ according to the extent and nature of the 
production or growth. Thus, it is clear that there is an optimum 
protein-energy ratio specific for particular conditions. Distorting this 
ratio by an excess of protein, contrary to being beneficial, actually 
reduces the efficiency of the diet. 

Closely related to the energy requirement is that of several of 
the Vitamin B-complex, whose functions are primarily as components 
of enzyme systems involved in energy metabolism. Thiamine, for ex- 
ample, appears to be required at a level of about 0.23 milligrams 
per 1000 metabolizable ealories. This figure is arrived at from analysis 
of many feeding trials, each conducted without reference to the 
others. Niacin is also required in proportion to calories, but the 
situation is complicated by the fact that tryptophane is a possible 
precursor of niacin. Therefore, before we can make a satisfactory 
statement of niacin requirement, we must know the amino acid 
intake. Since the tryptophane complication was unknown when early 
niacin studies were undertaken, obviously values for niacin needs 
may change in feeding standard revisions. Riboflavin requirement, 
on the other hand, appears not to be directly related to caloric re- 
quirement or to muscular activity, but rather follows protein intake. 
Insofar as calcium need is concerned, it is largely determined by 
skeletal size in the adult and by rate of skeletal growth, or the pro- 
duction of calcium-containing products. In practical feeding, phos- 
phorus is usually supplied in some ratio to calcium. 

That the nutrients are interrelated in function is thus clearly evi- 
dent. Whether or not imbalance, especially in the direction of ex- 
cesses of individual nutrients, is seriously harmful to tlie overall 
usefulness of the ration, is not so clear. In some eases it is obvious 
that relative excess is undesirable. For example, if the caloric value 
is greatly in excess of those nutrients that regulate and facilitate 
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energy metabolism, the ration cfliciency will sutler and we ma> expect 
malnutntion The problem less often considered is should excesses 
be avoided in vitamins and minerals so that indi\iduall> and/or 
collectively they arc in proper relation to caloncs or protein*’ 

Feeding Standards Describe Hypothetical Rations 

A modem feeding standard based on the results of man> feeding 
trials IS a statement of what is bcliesed to be the requirement of 
some selection of nutrients, each treated as though it were an inde- 
pendently acting entity The novice might visualize the standard as 
a formula, with each nutrient a separate ingredient to be mixed 
into a batch for feeding However, most feeds contain a wide assort- 
ment of nutrients The proportions in which they occur are seldom 
identical even between feeds that practical cxpcnence as well a* 
experimental tests have proven to be mutually exchangeable in the 
ration The obvious conclusion must be that while for maximum 
efficiency each nutrient may have an optimum concentration in the 
ration m relation to other nutrients, there is no way m which an 
‘ ideal” ration as described by a feeding standard can be prepared 
We do not mean to say that the selection of feedstuffs for a ‘ bal- 
anced ’ ration should be made without reference to specific nutnent 
contents By appropnate choices, we can malce a nutrient assortment 
more nearly like the “ideal” than we could by blmd substitution 
Protein levels, for example, are normally adjusted quite closel) to 
standard requirements, and by careful choice of feeds we can easily 
avoid gross shortages of amino acids 

However, in substitution one must usually choose between a variety 
of evils Replacing com with oats raises protein and increases trypto- 
phane, but reduces available energy through increasing fiber And so 
we find that in practical ration formulation we make a rough balance 
of nutnents according to a feeding standard through selection of 
available feedstuffs withm the limitations of relative costs, and then 
make further needed adjustments by the addition of pure nutrients 
or concentrates of such nutnents to eliminate any apparent remaining 
deficiencies 
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Biological Tests of Feeding Standards 

The facts are that to a large extent feeding standards descnbe 
purely hypothetical rations None of the standards has ever been 
critically tested as a complete working unit Indeed, research men 
have shown an unexplainable lack of curiosity as to whether a ration 
compounded m accordance with a given standard will prove to be 
ideal from the standpoint of the animal fed Yet the authors of such 
standards proclaim them as guides to feeding, and feed manufacturers 
use them as a basis tor the fortification of feed mixtures mtended to 
be properly “balanced” for feeding 

On the other hand, this omission is not altogether mere neghgence 
on the part of those setting up feeding standards To adequately 
test a feeding standard for farm livestock is no mean undertaking 
The numbers of elasses of dairy animals for which nutrient needs are 
described in the NRC Table of Nutrient Allowances total 18 
different hveweight groups, 4 milk fat level subcategories, plus a 
supplementary section for late pregnancy which effectively adds at 
least 5 additional groups To test the swine standard would involve 
feeding trials with 6 weight classifications of market pigs and 4 for 
breeding stock categones If, for each group of animals, a critical 
test of the optimum levels of each of the nutnents recorded were to 
be made, the project from the standpoint of numbers of animals 
needed and the facdities for their use m controlled feeding trials be- 
comes fantastic We do not mean, however, that feeding standards 
should be accepted blindly or that no testing should be done, though 
there may be some misconceptions as to the extent of the applica- 
bility of such tests 

A Unique Feeding Test 

In this connection there exists a unique situation in Canada today 
in the system of Swine Advanced Registry Test Feeding Stabons 
When It was decided to set up a scheme of Advanced Registration 
for Canadian swine based on the breeding performanec of purebred 



190 - Applied Animal Numtion 

sows and the feed lot and sliughicr records of their progcn>. feed- 
ing Stations were established m each province of the Dominion (ex- 
cepting New Brunswick and Ncwfoundhnd) Two male and 2 female 
pigs from each litter to be tested arc sent to one of the Stations, to 
be fed from weaning time (approximately) to a market weight of 
200 lbs Pigs to be tested arc nominated when the litters arc two 
weeks old and are shipped to arrisc at the feeding Stations when 
60-70 days of age Tlic rations fed at the different Stations are 
mixed to one formula, and for the data to be cited below, were 
mixed centrally and shipped to each Station by the milling company 
that prepared them The formulae are reviewed and established peri- 
odically by a Feed Committee of the National Swine Board, based on 
cooperative comparative feeding trials conducted under their super- 
vision at several Canadian universities 

In 1949 the question was raised as to whether or not scU-fecdinc 
should be introduced m these feeding Stations, and before mikmc 
a decision the Feed Committee arranged for a Domimon-wide com 
parative test In this study five of the Advanced Registry feeding 
Stations, one each in British Columbia, Alberta, Saskatchewan, On- 
tario and Nova Scotia fed groups of purebred Yorkshire pigs from 
their respective areas on a meal mixture prepared according to com 
mittee specifications by one milling company in Ontario and shipped 
to each of the cooperating Stations There was one mixture for pics 
from 75 to 125 lbs weight After this weight half the pigs at each 
Station w'cre fed to market on a normal finishing mixture, while the 
others received this finishing ration diluted with 25% bran as a 
possible means of restricting fattening The study involved two coal 
plete replicates at each Station and was one of a senes to establish 
official rations for bacon carcass production 

When the pigs reached market weight of 200 lbs they were slaugh- 
tered at local abattoirs, and their carcasses graded, cut, measured 
and scored by Government Graders in accordance with the require- 
ments of the Official Swine Advanced Registry Carcass Scoring 
Scheme 

This study involved only purebred Yorkshire pigs Nevertheless, it 
represented animals comparable as to age and sex but coming from 
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geographic areas as far separated as 3000 miles. Thus, types and 
strains within one breed such as develop within “local areas” were 
fed on identical rations under comparable management conditions. 

An examination of the nutrient make-up of these rations, which 
were intended to be adequate, and of the performance of the pigs is 
enlightening in a general consideration of feeding standards. 

In Tables 9-4, 5, 6, and 7 we give the ration formulae; their cal- 
culated contents of those nutrients listed in the U.S. Swine Standard; 
and the feed'intake, gain, and feed efficiency data for (1) the grow- 
ing ration, (2) the normal finisher, and (3) the bran-diluted finisher, 
respectively. Included for comparison in each are the figures for a 
hypothetical nutrient mixture suitable for market pigs as calculated 
from the U.S. Swine Standard as well as the expected performance 
of pigs fed on such an ideal ration. The discrepancies are calculated 
as the per cent by which the Canadian test rations or the performance 
of the pigs exceeded (-i-) or failed (-) to meet the standards. 


TABLE 9-4 Rations Used in Canadian Advanced Registry Carcass 
Test (.1949-50) 


Ingredient 

Grower 

Hormol finisher 

Diluted finisher 


lbs. 

lbs 

lbs. 

Barley 

430 

460 

360 

Wheat 

170 

180 

140 

Oah 

250 

280 

220 

Bran 



200 

Tankage 

75 

40 

40 

Fish meol 

22.5 

12 

12 

linseed meal 

37J 

20 

20 

Salt 

7.5 

4 

4 

limestone 

7.5 

4 

4 

Total 

1000 

1000 

1000 


In Table 9-5 the nutrient content of 1000 lbs. of the mixture fed 
to the pigs from weights of about 75 lbs. to 125 lbs. is shown in 
comparison to that set out in the U.S. Standard for 100 Ib. market 
pigs. The “poor fit” will no doubt surprise many. 
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TABLE 9*5 Comparisons oj Grenier Ration m ith f ceding Standard 


Nutrientt per 
tOOO lbs. of mtsture 



Srowef rat on (100 lb pig) 


As fed 

U$ Standard 

requirement 

D fference 

(«a) 

Prote n 

lbs 

170 

140 

+21 

TON 

lbs 


750 

-8 

Calcium 

gms 

4261 

2948 

+45 

Phosphorus 

gms. 

3080 

2041 

+51 

Salt 

gms 

3405 

2268 

+50 

Thiamine 

mgs 

2588 

491 

+427 

R boflavin 

mgs 

1363 

1000 

+36 

Nocin 

mgs 

20476 

5000 

+309 

Co Pantothenate 

mgs 

4073 

4498 

-9 

B 1 (added) 

megs 

0 

5 


Carotene 

mgs 

140 

756 

-61 

V tom n D 

lu 

36000 

90000 

-60 

Da ly feed 

lbs 

4.7 

53 

-11 

Da ly TON 

lbs 

34 

40 

-15 

Da ly ga n 

lbs 

1 3 

1 6 

-19 

Feed per 100 ga 

lbs 

383 

332 

+ 15 

TON per 100 ge n 

lbs 

274 

250 

+10 


Results of Canadian Feeding Test. First, the protein level is 
some 20% higher than “needed ” Here is a fundamental problem The 
standard calls for 14% crude protein The Canadian basal feed mia 
ture for reasons of economy rs based on barley, wheat, and oats and 
carries 12 9% crude protein In order to include in the mixture 
enough proteins of animal and manne origin to msure the quality 
of protein believed needed, it was impossible to keep the protein 
of the final mixture down to 14% Had the basal mixture consisted 
of com It would have been possible to include 15% of a 40% 
protein supplement and still not exceed 14% protein in the mixture, 
but with the basal feeds economically available m Canada, the use 
of 15 parts of mixed protein supplement m 100 resulted in 17% 
protein in the completed mixture 
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TABLE 9-6 Comparison of Hog Finisher with Feeding Standard 


Nutr ents per 

1000 lbs of mixture 


Normal finisher (150 lb p g) 


As fed 

U S Standard 

requ rements 

Difference 

m 

Protein 

lbs 

147 

130 

+ 13 

TDN 

lbs 

598 

750 

-7 

Calcium 

gms 

2403 

2500 

-4 

Phosphorus 

gms 

2392 

1510 

+58 

Salt 

gms 

1816 

2280 

-20 

Thiom ne 

mgs 

2668 

500 

+433 

Riboflav n 

mgs 

1362 

1000 

+36 

Niacin 

mgs 

20096 

5000 

f302 

Ca Pantothenate 

mgs 

4017 

4500 

-11 

Bit (added) 

megs 

0 

_ 


Carotene 

mgs 

2 

442 

-99 

Vitomm D 

i U 

0 

90000 


Doily feed 

lbs 

74 

68 

+9 

Doily TDN 

lbs 

51 

5 1 

0 

Doily go n 

lbs 

1 6 

1 8 

-11 

Peed per 100 gain 

lbs 

455 

378 

+20 

TON per 100 goin 

lbs 

316 

283 

+ 12 


The use of coarse grains, barley and oats, has diluted the TON 
to some 69% as compared to about 75% considered normal for 
U S hog rations The consequences are two-fold Either the daily 
feed intake must increase above "normal” or the gams will be ex- 
pected to fall below standard And, in cither case, tlie feed required 
per pound of gam will increase, i c , the feed efficiency will decrease 
The pigs in this test, however, did not eat more, but less feed 
per da> that called for in the standard Thus, TDN intake was doubly 
depressed from that expected, and gams were 19% lower tlnn 
"normal ” Tlicre was no report of goose stepping among an> of 
the pigs, and so one questions whether the 9% dcficicnc) of panto- 
thenic acid was detrimental Nor was there clinical evidence of 
Vitamin D shortage Concerning Vitamin A, there is room for argu- 
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TABLE 9-7 Comparison of Modified Hog Finisher Mith Feeding 
Standard 


Ni.rt enU per 

1000 ibi of m xhire 


DIuted finsher (ISO tb p 

g) 


As fed 

Standard 

requ rements 

D fference 

{9S) 

Prole n 

lbs 

155 

130 

+19 

TON 

Ibi 

«70 

750 

-U 

Calc um 

gms 

2439 

2500 

-2 

Phosphorus 

gms 

3242 

1510 

+115 

Soil 

gms 

1816 

2280 

-20 

Thomne 

mgs 

2819 

500 

4-460 

R boPov n 

mgi 

1322 

1000 

+32 

N oan 

mgi 

38104 

5000 

+662 

Co Pontethenole 

mgs 

5487 

4500 

+22 

B s (added) 

megs 

0 

— 


Carotene 

mgs 

2 

442 

-99 

Vtamn D 

.u 

0 

90000 


Da ly feed 

lbs 

7 1 

68 

+3 

Da ly TON 

lbs 

48 

5 1 

-6 

Da ly ga n 

lbs 

1 5 

1 8 

-16 

Feed per 100 go n 

lbs 

485 

378 

+28 

TDN per 100 gon 

lbs 

324 

283 

+ 14 


ment except for the fact that pigs of this age could hardly have be 
come depleted to the point of growth restriction unless they had been 
nursing very Vitamin A deficient mothers, a situation that seems 
unlikely in view of the widely different sources of the pigs and the 
fact that they were from high class breeding herds All of the other 
nutrients considered were consumed m excess of standard require 
ments 

It would seem, therefore, that the feeding standard was not only 
liberal m its requirement figures, but too high m the values for 
normal feed intake and for expected live weight gams for pigs of 
this category 

In Table 9 6 similar data are presented for th“ ration fed these 
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pigs from the time they weighed 125 lbs. until they reached 200 lbs. 
market weight. Here, the same general picture is evident with respect 
to ration nutrients. But these heavier pigs have voluntarily eaten 9 % 
more feed per day than is indicated as “normal,” and by so doing 
have consumed the same quantity of TDN as that called for in the 
standard. There can be no argument, therefore, that lower than 
standard concentrations of pantothenic acid and of carotene and of 
Vitamin D have checked feed intake with these pigs. Gains are 10% 
slower, however, and hence the TDN efficiency is below “expected” 
to about the same extent. 

In Table 9-7 we see what happens when wheat bran is introduced. 
Protein is now almost 20% over standard, and TDN is reduced still 
further. Even with 5% above normal feed intake, TDN consumption 
is less than standard figures. This was the effect desired. The bran 
was employed specifically to reduce fattening rate by reducing TDN 
intake. Gains have actually been depressed 16% from standard and 
about 7% from that with the undiluted finisher. 

Energy Intake CrillcaL In a critical consideration of these data 
we can see at once that the response of the pigs has been more closely 
related to level of energy intake than to any other ration factor. 
Neither the greater concentrations of protein, of calcium and phos- 
phorus, nor of several of the vitamins have prevented the smaller 
daily gains than were given as expected in the standard. 

In swine feeding we should keep in mind that market pigs are 
fed to produce a carcass, of which the consumer recognizes two 
kinds — fat ones and lean ones. The hogs on this Canadian trial were 
all subjected to official slaughter test. Tlic detail of carcass measure- 
ments is of no importance but the overall result is; and of all the 
items considered and recorded, that of carcass grade is of the most 
direct significance. Carcasses that are classified as Grade A bring a 
ca.sh bonus in addition to the regular grade price. Excessive fat 
deposition has consistently been the principal fault with Canadian 
hog carcasses that has kept them out of A Grade. Tlic dilution of 
the energy value of the finishing ration with bran was done specifi- 
cally to counteract llic tendency for sclf-fcd hogs to become too fat. 
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We may summanze the results bnefly as follows The altered 
ration had no effect on any carcass measurements except those 
directly related to depth of fat The lower energy ration effected a 
7% reduction m depth of back fat, which was reflected in an overall 
increases in carcass score of 4 percentage units and an increase of 
27% m the proportion of Grade A carcasses The increase in grade 
was relatively uniform between Stations, and, again, indicates the 
particular sensitivity of animals to changes in energy intake 

Variation m Response to Feed. Before finally drawing conclu- 
sions about feeding standards from the example just discussed, "C 
should consider one further feature of these tests In this Canadian 
study It lAas possible to measure the vanability of the response of 
pigs between replicates (which was, of course, really between groups 
of pigs within a local geographic area) and between Stations (which 
was between widely separated geographic areas) The first variations 
would be expected to be typical of differences between batches of 
pigs on the same farm or even between different farms of a restneted 
area keeping the same breed of pigs and following similar feeding 
practice The vanability between pigs of different Stations will measure 
overall differences between different types or strains of pigs within 
one breed, differences due largely to hereditary background The 
results of such an analysis are shown in Table 9-8 

In this table the maximum and minimum values above and below 
the means (i e , the fiducial limits) are twice the standard deviations 
for the vanance for all causes and represent the limits of 95% of 
the population In other words, while only one lot in 20 would 
normally exceed these limits either way, one could expect individual 
lots that statistically belonged to this population to range in response 
anywhere between these values 

We should note two thmgs here First, in every case the figure given 
in the U S Standard lies withm the fiducial limits of this study 
Secondlj, insofar as voluntary feed intake and live weight gams are 
concerned, from 57 to as high as 88% of the differences between 
the separate feeding lots were traceable to Station, while within a 
geographic area the performance of the pigs was relatively consistent 
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TABLE 9-8 Variability in Response of Pigs of Different Geographic 
Areas to Identical Rations 


Rat on group 

Meoni 

from 

Criterion Canod an 

test 

pigs 

F due ol lifii ts at 

±2 X SD for 

total variobil ly 

Mm Moxi 

mum mum 

Variability 

traceable to* 

Repli Sta 

cate tion 

Expected 

mean 

value 

from U S 

Feed ng 

Standards 



lbs 

lbs 

lbs 

% 

% 

lbs 

Growing p gs 

Peed 

47 

3 1 

63 

5 

85 

53 

overage 100 

Ga n 

1 3 

8 

1 7 

10 

88 

1 6 

Ib We ghi 

100 F/G 

383 

307 

459 

6 

67 

332 


100 TON/G 

274 

2U 

332 

30 

57 

250 

Pigi fin jhing 

Feed 

74 

55 

93 

5 

73 

68 

on normal 

Gain 

1 6 

1 3 

20 

4 

75 

1 e 

rot on 

100 F/G 

455 

397 

513 

1 

58 

378 

Average 150 

lOOTON/G 

318 

263 

353 

2 

59 

284 

Ib we ght 








P g» fn jhing 

Feed 

71 

61 

8 2 

9 

60 

68 

on d luted 

Gain 

1 S 

1 2 

1 6 

4 

80 

1 8 

ration 

100 F/G 

485 

413 

557 

1 

44 

378 

Average 150 

100 TDN/G 

324 

27? 

371 

1 

43 

284 

Ib weight 









* Balance of variat on due to interaction 


Here we find much food for thought regarding the structure of feed- 
ing standards and their application as guides to ration formulation 


Margins of Safety in Feeding Standards 

The problem of the structure of feeding standards themselves is 
Can data for the requirement of separate nutrients taken from inde- 
pendent tests justifiably be averaged without precautions against a 
bias of the data from difierent types, strains, and breeds of animals, 
albeit otherwise comparable*? 
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It IS v.ell known that different Experiment Stations develop facili- 
ties for different types of studies Thus, one group of workers will 
be intensively studying some Vitamin B problem, while another 
devotes its time to amino acid requirements The probability is that 
the inherent differences in animals between such Stations will be such 
that what are termed requirements for those at the one Station would 
not closely fit those of another Station It also follows statistically 
that if the values stated as requirements are not unbiased averages 
then margins defined by standard deviations above and below the 
means will not much improve the situation 

This undesirable feature of feeding standards which are prepared 
b> the as'embling of scattered available data for the several nutnents 
individually is, to a large degree, unavoidable In this respect stand- 
ards prepared as units from observations of animals of one herd 
may perhaps show more consistency with respect to the relative needs 
of the separate putrients, especially in relation to the energy intake 
An attractive hypothesis is that more consistent standards would 
result if the pertinent nutrient data from appropriate tests were cx- 
p cssed in quantities relative to some measure of energy rather than 
in absolute values The fact that energy intake is so closely corre- 
lated with size and performance of animals often justifies its use 
as a base on which other nutrient needs may be expressed, even if no 
proven biological cause and effect relation is known 

Description of Feeding Groups 

A problem in the use of feeding standards, clearly shown in the 
results of the Canadian studies, has to do with the description of the 
animals or the feeding groups In many standards, at least by imph" 
cation, we get the impression that not only is gain the important 
criterion of optimum nutritional intake but that maximum gain is the 
objective This conclusion is obviously not justifiable Some of this mis- 
conception could be eliminated by more complete description of the 
animals and the criteria of optimum conditions If gams are to be 
indicated they should perhaps show upper as well as lower acceptable 
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limits. Perhaps we need to include other criteria not now used to 
describe adequately the kind of animals for which the nutrient list 
is intended. Thus, a double standard of height-weight-age might be 
more fully descriptive of the size of growing cattle than weight alone. 
In pigs, breed or type sub-classification might help, in that long- 
bodied pigs show differences from shorter types of carcasses on 
slaughter, and should not necessarily be considered as of equivalent 
physiological age and development at equal live weights. Certainly 
there should be subgroups for market pigs beyond weights of 125 lbs. 
to describe separately hogs intended for fresh pork and those for 
bacon. 

Concerning the discrepancies between the concentration of the 
several nutrients in the rations fed and that calculated from a feed- 
ing standard, we must draw conclusions cautiously. Certainly, there 
is no evidence of any detrimental effect of surpluses of -any -of the 
B-complex Vitamins recorded, or of their imbalance. In practical 
feeding, however, little can be done about excesses of a number of 
nutrients because of the wide differences between basal feeds in 
concentrations of these nutrients and the economic need of frequent 
substitutions of feeds in formulation of feeding mbetures. 

The conclusions we can draw from these considerations of feeding 
standards may be rather generally stated as follows: 

1) As distinct from tables of recommended allowances which usu- 
ally are admittedly liberal in their quantities, feeding standards 
that claim to represent the actual needs of animals give values 
for the various nutrients that are sufficiently high so that there 
is seldom any justification for intentionally adding margins of 
safety to avoid nutritional deficiency. 

2) The variation between animals in their response to identical as- 
sortments of nutrients makes it questionable whether standards 
should be used to measure adequacy of rations fed to individuals 
or even to small groups; rather, the data of feeding standards 
should be used as a guide to the relative nutrient make-up of 

. meal mixtures for animals of specified feeding categories. Daily 
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allowances of such mixtures will be adjusted to the capacity of 
the individual animal or group or to the objective m question 

3) Surpluses of non-toxic minerals and of vitamins are probably of 
little practical importance in a nutritional sense 

4) Appropnate levels of (and perhaps balance between) proteins 
and energy components, must be maintained m feedmg practice 
smce these may influence promptly and markedly the animals 
performance 


Feeding Standards are Indispensable Guides 

A word of caution may be in order at this point The discussions 
above are not to be taken as condemning feedmg standards Ad- 
vances m feeding practice over the past years have been greatly 
facilitated through the development of feeding standards and their 
wider use It should be obvious that they are still imperfect, how- 
ever, and hence if used blindly may lead to faulty nutrition 

Progress m scientific feeding of hvestock parallels the refinement 
and expansion of feedmg standards, and while it is doubtful that 
many practical livestock feeders ever use directly such standards, the 
extension of the knowledge of the nutnent needs of stock through 
schools, clubs, and meetings has resulted m the use of more efficient 
rations generally 

We should not think of feeding standards as finalized statements 
of animal requirements Modem ones such as those issued by the 
various sub-committees of the N R C Committee on Animal Nutri 
tion are under contmuous review and revision Usually the revisions 
are downwards for specific nutrients This tendency is merely because 
where the requirement for a nutnent is first published by an inves- 
tigator It IS usually liberal As additional studies are completed to 
give more certamty to the figure, the average value gradually finds 
Its proper level which is often appreciably below the first estimate 
One must not, therefore, be surprised if the ration as made up m 
accordance with the currenUy used standard turns out to be at 
variance with a later revision of that standard Nutritionally any 
excesses which are involved are fortunately not likely to be serious 
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Modern Feeding Standards 

In any case we cannot solve the problem by avoiding the use of 
feeding standards on the grounds that they are not finalized And, 
accordingly, we have included in this boolc abbreviated tables show- 


TABLE 9-9 Daily Nutrient Requirements of Dairy Cattle, Based 
on Air-Dry (90% dry matter) Feed 


We ghl of 

Total 

DCP 

TDN 

Ca 

Phos 

Carotene 

Vit D 

animal 

feed 







lbs 

lbs 

lbs 

Ibt 

gms 

gms 

mgs 

1 u 

Grow ng He fers 

100 

2 

40 

20 

7 

6 

4 

300 

200 

6 

40 

40 

13 

10 

B 

600 

400 

11 

80 

65 

13 

12 

16 


800 

19 

90 

100 

13 

12 

32 


1200 

24 

1 00 

120 

12 

12 

4B 



Mainfenonce Molwre Cow* 


800 

14 

50 

68 

64 

8 

32 


1000 

16 

60 

80 

8 0 

10 

40 


1200 

18 

70 

92 

96 

12 

48 


1400 

21 

80 

105 

11 2 

14 

56 


1600 

23 

87 

114 

12 8 

16 

64 



For Reproduction — odd to me 

1 nienance for last 3 months 



8 

60 

60 

8 

7 

30 



lactation- 

—odd to 

mointenonce for e 

ach pound of r 

ntk 


3% fat 


040 

28 

1 

07 



A% fat 


045 

32 

1 




S% fat 


050 

37 

1 




65o fot 


055 

42 

1 

07 




lod n.. Add to m.ol rollon. 1% .oil cornr.no 0015% od 
Coboll, U.. .ol. corrT.no 1 or cobot. .oHolo pcr 100 b. 
Copper U.. .oil corry no 1 % copper .ellof per 100 lb. 


TABLE 9-10 Daily Nutrient Requirements jor Swine 


Young 

sfocic Adult! G.ltj Adult! 

LveweigM.tbi 25 50 100 150 200 250 300 500 350 ^5° 

E<p«eted daily 

gam. Ibt 0 8 12 1 & 18 18 18 075 0 5 

Totol feed (air 

dfyjlbi. 20 37 5J 68 7.5 83 60 7.5 11 0 125 

Tatal d gettible 


Ibi 16* 24 40 5 1 56 62 56 8J 

Crude protein, 

Ibi 036 0J1 074 0 88 090 1 00 0 90 1 05 1 65 

Inorganic 
nutnenti 

Calcium, gmt. 7J 94 156 170 187 207 163 204 30 0 340 

ThOiphorvi. 

gm* 54 65 108 102 11 2 124 109 136 200 227 

Salt (NaC), 

gmi. 47 77 120 154 170 188 136 170 250 284 

Vitainlni 
Ca retene, 

"fl 05 10 20 30 40 50 150 187 27 5 3’-2 

rtomm O. 

I U 1800 2880 4770 6120 6750 7470 5400 6750 990 0 1,1250 
Tb om ne, 

"flt 10 16 26 34 38 42 30 38 57 *2 

R boflav n, 

mg!. 24 32 57 68 77 83 72 90 132 1^® 

N-acm.mg!. 160 192 267 340 377 417 30 0 377 55 0 627 

Panfottienie 

ocjd.mgi. 100 160 23 8 306 33 8 374 270 33 8 497 567 

Pyndorme. 

">g»- 12 19 

mgt. 800 0 
Vitamin Bit. 

megt. 20 0 16 0 267 


• For young ptgt o bigh energy diet IS0% TON) It reco 

:o: 
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TABLE 9-11 Recommended Dairy Nutrient Allowances jor Beef 
Cattle, Based on Atr-Dry {90% dry matter) Feed 


Doily AHowancei per Animal 



Expected 
Do ty 

Total Feed 

D get! 




Body 

Per cent Per 

■ble 

Cal 

Phos 

Caro 

Weight, 

Gain, 

of live An mol. 

Protein, TON, 

Cium, 

phorus. 

fene,* 

Ibi 

tbi 

weight lbs 

lbs Ibi 

gms 

gms 

mgs 


Normal Growth H« fers and Steen 


400 

1 6 

30 

12 

09 

70 

20 

15 

24 

600 

1 4 

27 

16 

09 

8 5 

18 

15 

36 

800 

1 2 

2 4 

19 

09 

95 

16 

15 

48 

1000 

1 0 

2 1 

21 

09 

105 

15 

IS 

60 

Bwllr, Growth and Maintenance (Moderate Activity) 

600 

23 

27 

16 

13t 

100 

24 

18 

36 

880 

^J 

2 1 

17 

M 

no 

23 

18 

48 

1000 

1 6 

20 

20 

1 4 

120 

22 

16 

60 

1200 

1 4 

I 8 

22 

) 4 

130 

21 

18 

72 

1400 

1 0 

1 7 

24 

1 4 

140 

20 

18 

84 

1600 


1 6 

26 

1 4 

140 

18 

18 

96 

1800 


1 4 

26 

M 

140 

18 

18 

108 

Winter ng Weanling Calvet 

400 

1 0 

28 

11 

07 

60 

16 

12 

24 

500 

I 0 

26 

13 

06 

70 

16 

12 

30 

600 

1 0 

25 

15 

08 

8 0 

16 

12 

36 

Wintering Yearlng Cattle 

600 

1 0 

27 

16 

08 

80 

16 

12 

36 

700 

1 0 

24 

17 

08 

6 5 

16 

12 

42 

800 

07 

23 

18 

08 

90 

16 

12 

48 

900 

05 

20 

18 

08 

90 

16 

12 

54 




Wintering Pregnent Heifers 





(Weights 

ore for begi 

inn ng of winter perod; goins 

overage for period) 


700 

1 5 

29 

20 

09 

100 

18 

16 

42 

800 

1 3 

23 

20 

09 

100 

18 

16 

48 

900 

08 

20 

18 

08 

90 

16 

15 

54 

1000 

05 

t 8 

16 

08 

90 

16 

15 

60 
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TABLE 9-11 — Continued 






Doily Atlowa 

nces per 

Animal 




Total Feed 

Digest 





Body 

Daily 

Per cent 

Per 

ibie 


Cal 

Phos 

Caro 

We ght 

Gam 

of Uve 

Ammol, 

Prote a TDN, 

clum, 

phorus 

tene, 

lbs 

lbs 

weight 

lbs 

lbs 

Ibi 

gm* 

gms 

mgs 



Wintering Mature Pregnant Cows 


for period) 



(Weights on 

s for beginning of winter period, 

goins, overage 


800 

1 S 

2 8 

22 

1 0 

11 0 

22 

18 

48 

900 

1 0 

2 2 

20 

09 

100 

18 

16 


1000 

04 

1 8 

18 

09 

90 

16 

15 


noo 

02 

1 6 

18 

08 

90 

16 

15 


1200 

00 

1 5 

18 

06 

90 

16 

15 

72 


Cow* N«r»ina Calv**. 10 3 lo i Month* After Portgrition 


900 1100 

None 


28 

14 140 

30 

24 

300 


Fattening Colves Rnished as Short Year! ngi 



400 Average for 

30 

12 

1 1 80 

20 

15 

24 

500 

period, 

2 8 

14 

1 2 9.5 

20 

16 

30 

600 

2 0 lbs 

27 

16 

13 110 

20 

17 

36 

700 

daily 

26 

18 

1.4 120 

20 

18 

42 

BOO 


2 5 

20 

15 135 

20 

18 

48 

900 


2J 

21 

1.5 14.5 

20 

18 

54 




Fatten ng Yeorbno Cottle 












600 

Average for 

30 

18 

13 115 

20 

17 

36 

700 

period. 

30 

21 

1.4 135 

20 

18 

42 

800 

2 2 lbs 

2 8 

22 

1.5 140 

20 

19 

48 

900 

dety 

27 

24 

16 155 

20 

20 

54 

1000 


26 

26 

1.7 170 

20 

20 

60 

noo 


2.4 

27 

t7 17.5 

20 

20 

66 

Fetteiung Two-Year Old Cattle 

800 

Average for 

30 

24 



18 

48 

900 

period. 

29 

26 

1.6 160 


20 

54 

1000 

2U lbs. 

2.7 

27 

y7 170 


20 

60 

1100 

do ly 

26 

29 

18 180 

20 

20 

66 

1200 


24 

29 

1 8 180 

20 

20 

72 
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ing the latest N.R.C. Standards ]or Dairy Cattle (1955), for Swine 
(1953), and for Beef Cattle (1950).* They will be adequate for 
the calculation of working rations for these classes of stock, and 
will serve also to illustrate the modem conception of requirement 
tables. 


SUGGESTED READING 


A series of individual pamphlets published by The Committee on Ani- 
mal Nutrition, U.S. National Research Council, 2101 Constitution 
Ave., Washington 25, D.C. 

Nutrient Requirements of Domestic Animals. 

Poidtry (1950). 

Swine (1953). 

Dairy Cattle (1955). 

Beef Cattle (1950). 

Sheep (1949). 

Horses (1949). 

Kellner, 0., The Scientific Feeding of Animals. The Macmillan Com- 
pany, New York (1913). 

Kriss, Max., “A Comparison of Feeding Standards tor Dairy Cows, 
with Special Reference to Energy Requirements," J. Nut., V. 4, p. 
141 (1931). 

Morrison, F. B., Feeds and Feeding (2!st Ed.), The Morrison Pub- 
lishing Co., Ithaca, N.Y. 


•The original pamphlets from which these tables were taken as well as 
those for other stock are available from the National Research Council, 2101 
Constitution Avenue, N.W., Washington 25, D.C. U.S.A. 



SUMMARY OF SECTION 


This section has been an examination of feeding standards — those 
tables in which are recorded the quantities of certain nutrients that 
we believe should be provided m the rations of the animals of differ- 
ent feeding categories It should be evident that even the latest and 
most modem standards are incomplete as to the nutrient require- 
ments The missing values are gradually being filled in as our knowl- 
edge increases, but even the data that are available must be used 
with judgment We must never forget that we are dealing with living 
animals in applied nutrition, and that their most obvious character- 
istic IS their variability 

This variation applies to the structure and functioning of every 
tissue Not only are two animals different, but the same animal differs 
functionally from one time to another Thus there is no way of 
describing accurately their nutrient requirements m fixed figures We 
must use averages, realizing that such quantities may not depict the 
needs of any one animat at any particular time These averages, 
however, work very well as guides for the formulation of meal mix- 
tures suitable for groups of animals, smce the variations of animals 
of a group from the average lend to be compensating 

Fortunately the differences in the nutrient needs between animals, 
and also for one animal at different times, are correlated with 
differences in energy needs, so that by adjusting the daily allowances 
to an animal of total food according to appetite, or to size, or to 
production rate the adjustment for the nutrient need is also made 
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Were it not for this relation between the need for energy and that 
for the nutrients, the problems of feeding practice for herds and 
flocks would make anything like scientific rationing practically pro- 
hibitive. 

The key place occupied by energy in the “operating needs” of an 
animal makes it especially important that our estimate of energy 
requirement should be as accurate as our knowledge will permit. For 
this reason we dealt critically with the problem of energy need. We 
must not assume, however, that our present beliefs regarding this 
requirement or that of any nutrient will not have to change as more 
of the facts are learned. This means obviously that feeding standards 
are not finalized, and are not likely to be for many years to come. 
They are nevertheless already indispensable guides to the formula- 
tion of workable rations even though we may expect gradually to 
learn how better to adjust the balance between the nutrients to meet 
more exactly the nutrient needs of our livestock, and hence to im- 
prove their performance. 

Those who expect to prepare successful livestock rations must, 
therefore, use feeding standards, and use them properly. They are 
one of the basic “tools of the trade”; and it is as true here as with 
any other occupation, that the competence of the workman can be 
judged by his knowledge of and skill in the use of his tools. 



SECTION III THE NUTRITIONAL 
CHARACTERISTICS 
OF SOME COMMON 
FEEDS 


T 

jLhe number of dtSerenl ieedstiiffs used at one 
place or another in the feeding of livestock is large Morrison lists 
analyses for 173 dry roughages (not including grades of the same 
feed), 143 green roughages and roots, 46 silages, and 432 concen- 
trates Schneider records the aimlyses and digestibility of some 2300 
feedstiiffs With such reference data readily available there is little 
reason to attempt here any extensive discussion of but a feu key 
feeds The plan of this section is rather to discuss first the general 
nutritional properties of feeds belonging to one group (i e basal feeds, 
protein supplements, etc ) IVe shall augment this discussion by con- 
sidering III detail the characteristics of one or more key feeds in that 
subgroup Finally, we shall consider the unique properties of a selec- 
tion of other common feeds belonging to the subgroup— properttes 
that determine the extent to ulucli they tndivtdtially may replace the 
key feeds in rations, and the consequences of such substitutions 
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IVn/t a sound understanding of the general nutritional nature of 
the feeds comprising the several subgroups, together with enough 
description of a particular product to assign it correctly to its proper 
category m the classification and to disclose any pronounced peculiar- 
iiy, we can incorporate feedstuffs that are not well-known into rations 
with reasonable assurance that they are used m a way to make the 
most of their potential feeding values, and to avoid major undesirable 
consequences of improper use 



CHAPTEll 10 


A Classification of Feeds 


FEEDS COMPOSED of naturally occurring products and of many 
of the by-products of the milling or other processing of such materials 
are, figuratively speaking, packages containing many, and perhaps 
usually most of the nutrients recognized as needed by animals. The 
amounts and proportions in which these operating necessities are 
present differ between feeds; and so, strictly speaking, no two feeds 
are nutritionally alike. But in the everyday practical formulation of 
rations, feeds of generally similar properties are considered as poten- 
tial substitutes and exchanges are made within mixtures in accordance 
with market price, availability, and to some extent feeder preference, 
if such has been expressed. Thus it becomes expedient to establish 
categories of feeds within which substitutions are justified by simi- 
larity of nutritionally important properties. 

Roughages and Concentrates 

The first broad grouping of feeds is logically based on their physical 
nature as to bulkiness — a classification that separates products of 
relatively low from those of high concentration of energy-yielding 
nutrients. Such a grouping brings together, under the heading of 
roughages, the feeds that are essentially whole plants, such as, hay, 
straw, silage, pasture and roots; and groups all other feeds under the 
heading of concentrates. The physical differences between these 
two groups of feeds are such that we do not make substitutions in 
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the usual sense of the tenn between them The complete rations of 
herbivorous animals often include both roughage feeds and concen- 
trate feeds In other cases only rou^ages are mvolved But con 
centrates alone will not provide suitable rations for such animals 
regardless of the nutrient assortment diey contam 


SiibcJassification by Protein Content 

Within these two groupings, it is expedient to use crude protein 
content as the prmcipal basis for the first subclassification, e\en 
though in the strict sense feed proteins are varymg combinations of 
up to twenty or more nutnents (ammo acids) The ammo acid 
assortment m most feeds is a mixture that for purposes of 
substitution may be defined m total by the conventionally detertnmed 
protein And, furthermore, the proportion of protem m a ration is 
nutritionally important in ns own right Finally, the concentration of 
protein in a feed is often correlated with some of its other nutncot 
make-up or with its general nutritive properties 
With roughages the protem subclassification is less exact than 
with the concentrates because the protem content of different samples 
of the same feed may vary enough to overlap two categories For 
example, legume hays on the average carry about 12%, and non- 
legume matenal 5 % of protem But early cut Timothy, a non-legutn® 
grass, may have a higher protem than over-npe clover, a legume 
This situation is partly a consequence of inadequate description 
of roughage feeds For the majonty of cases the protem level of the 
roughage part of the herbivores’ ration rather than the specific kind 
of plants involved is of the greater significance m its proper use 
Quality of protein is of secondary importance Amount of total 
protein, however, is correlated with stage of maturity, of leafiness, and 
to a considerable degree, with the ligmfication of the forage 'The 
inadequacy of the plant name alone as indicative of feeding 
of roughages is v,ell recognized, but to date no really satisfacWO 
descriptive scheme has been devised to replace the simple name 
or to amplify it 
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There are also anomalies among the concentrates. For example, 
in the classification we outline below the upper limit of protein of 
the basal feeds is set at 16%, but some samples of most of the 
cereal grains, excepting com, may run well over this figure. Such 
cases do not vitiate the usefulness of the plan. 

Insofar as a feed classification is concerned, there is no official or 
universally accepted grouping. The one presented herewith has been 
found useful for many years by the author and, consequently, quite 
naturally finds its way into this book. 

Outline Classification of Feeds 
X. Roughages 

Feeds of low available energy per unit weight, usually because of 
high fiber, though sometimes because of high water content. 

By regulation of the Canadian Feeding Stuffs Act, any feed carry- 
ing more than 18% crude fiber is a roughage in Canada. Thus, 
roughages in this sense include not only forages but such products 
as oat hulls, alfala meal, dried beet pulp, brewers’ grains (some 
samples), rice bran, which arc sometimes listed among the con- 
centrates. Few roughages carry as much as 60%, and the average 
is not far from 50% TDN. 

I. Dry forages 

a) Hays 

1. Legume 

2. Non-legume 

b) Straws 

c) Other products of more than 18% crude fiber. 

II. Succulent forages 

a) Silages 

1. Com 

2. Grass (Hay crop) 

b) Pasturage 

c) Roots and tubers 
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B, Concentrates 

Feeds of high available energy per unit weight, usually because of 
high starch or oil or protein content and low fiber 

Concentrate feeds normally carry more than 60% TDN and 
because of high fat may be rated at over 100% An average for 
the common concentrate feeds would be about 75% 

I Basal Feeds (feeds of 16% protein or less) 

II Protein Supplements (feeds of 20% protein or more) 

a) Feeds of plant origin 

1 20-30% protein 

2 30% or more of protem 

b) Feeds of animal or marine ongm 

C* IVIiscellaneous Feedmg Materials 
I Vitamin earners 

II Mineral element earners 

III Other (antibiotics, ammo acids, etc ) 

Variability of Feedstuffs m Chemical Make-Up 

As we have already mentioned, one of the purposes of a feed 
classification is to group together feeds of somewhat similar nutri- 
tional characteristics, thus definmg products that are partial substi- 
tutes for each other Thus feeds legitimately included in the basal 
feed category may usually be interchanged, completely or m part, 
among themselves Normally feeds of the basal category would not 
be exchanged with feeds of the protein supplement category 

However, even though feeds may be grouped together m cate- 
gories of similar general nutritional properties it does not folio" 
that different samples of the same feed will have the same chemical 
make up For example, different samples of shelled com may run 
from 8 to 15% of crude protem, wheat from 9 to 19%, oats from 
1 0 to 18%, etc This vanability between samples is obviously a factor 
we must consider in feed substitution, assuming, of course, that the 
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chemical make-up of the feed bears an important relationship to 
Its feeding value 

During the past few years realization of the need for considering 
variation, not only m feeds but also m animals and their response 
to feeds, has become more general Actually very little mathematics 
is needed to understand the problem and to interpret the commonly 
used measures of variation, such as are applicable in this particular 
case 

Perhaps the easiest way to make clear the problem of variation as 
it applies to some chemical component of a feed will be to cite an 
example, and one that is particularly applicable comes from Bulletin 
No 461 of the Texas Agricultural Experiment Station, in which is 
given the following tabulation of the distribution of 586 samples of 
cottonseed meal with respect to their analysis for crude fiber (see 
Table 10-1) 

If we were to look in a table of feed composition for cottonseed 
meal we might find that the crude fiber was given as 113% for 
the average of all of these values Actually, however, it is evident 
that the crude fiber in different samples has run all the way from 6% 
to 15% Most of the samples, however, have come closer to the 
average — 106 out of the total or about 18% of them are found in 
the 11 to 115% class Both below and above this point the samples 
become progressively fewer m number 

If we were to plot the samples according to crude fiber class, we 
would get a bell-shaped curve, which ivouJd approximate in shape 
the normal frequency distribution curve A great many characteristics 
of biological material actually follow the so-called normal frequency 
distribution, and consequently, even though the observed figures do 
not fit exactly into this curve, the statistical constants which are 
calculated to describe the curve are used in measuring the variability 
actually found in distributions such as that shown above for crude 
fiber 

Of these measures the standard deviation (S D ) is the most com- 
mon Without going into any consideration of how the S D is calcu- 
lated we should merely explain at this point that it measures an 
interval above and below the average, within which we may expect 
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TABLE 10-1 Distribution of 586 Samples of Cottonseed Meal as 
to Crude Fiber Content* 


Crude fber cla» Number of lamples % of iofol «i 


9^ 

100 

10 J 

11 0 
11^ 
120 
12 J 
13/3 
US) 
UJ 
150 


A eoch fber clod 


85 
147 
2A& 
4 27 
9 37 
12^5 
1741 
18 09 
13 65 
949 
3^5 
3^5 
68 


586 Tolgl 
1159 
±1 26 


254^ below -ISP 


68^ « 


±1 SP 


64% above +1 S-® 


*Te<ai Bullet n 461 


approximately two-thirds of the samples to fall, with one-sixth of them 
bcmg above the upper limit and onc-sixth of them below the lower 
limit of this interval Obviously, therefore, if we pick at random any 
one of the samples in the whole populaUon we are considering, our 
chances of findmg that it lies within the limits of ± one S D ate two 
out of three, and this result is referred to as odds of two out of three, 
or IS noted as P - 33, meanmg that the chance of nol finding th' 
value within rtl SD is 33% 
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Coming back to the figures in Table 10-1, we may find it interest- 
ing to see where the S.D. of the array of crude fiber values actually 
falls. The calculated S.D. of the per cent of crude fiber is ±1.26 
units of per cent. Consequently, we should expect two-thirds of the 
values to fall between the midpoint of the 10% class and the mid- 
point of the 12.5% class (i.e., 11.29 — 1.26 = 10; 11.29 + 1.26 = 
12.5). If we make such a division (last column of the table), we 
find that approximately 68% of all of the samples fall within the 
limits of ±1 S.D. from the mean. As it happens only 6.5% of the 
samples have more crude fiber than the upper limit of the S.D., and 
25% have less than the 10%. This degree of “goodness to fit” in 
practice as compared to theory, is to be expected where small num- 
bers are involved. One may think that 500 samples is not a small 
number, but it is small as compared to an infinite population on 
which the normal frequency curve is based. The important thing 
here, however, is that about two-thirds of the samples actually fall 
between -h and —1 S.D. from the mean. 

Thus, the probable crude fiber content of cottonseed meal can be 
described very simply by saying that it averages 11.29% and that 
two-thirds of all the values will likely fall between 11.29 ±1.26 
units of per cent. Thus about two samples out of three, if picked 
at random, will be expected to have somewhere between 10 and 
12.5% of crude fiber. 

It is sometimes useful in comparing the degree of variability to 
express the S.D. as a percentage of the mean, which gives a measure 
of the variability that is directly comparable between sets of figures 
whose means are not the same. In the example cited above the 
variability of crude fiber in cottonseed meal turns out to be 11% 
(1.26 X 100 11.29 = 11.15%). This figure is useful in predicting 

the probable variation in crude fiber of cottonseed meals whose 
average is not 11.29% but perhaps, because of some process change, 
might be only 8%. 

If, in addition to samples of the same feed, we examine a reason- 
ably large number of samples of feeds of the same category, we may 
be able to establish a typical variability for the crude fiber of feeds 
in general. In fact, data from this Texas bulletin show that the 
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coefficient of variation of crude fiber between different samples of 
the feeds for a considerable number of different concentrate feeds 
IS actually about 12% The coefTicicnt will be somewhat larger for 
feeds that arc very low m crude fiber, and somewhat smaller for feeds 
that are high in crude fiber This difference is merely an arithmetical 
effect together with the fact that errors of chemical determination 
of crude fiber are likely to increase with samples that carry 'cry 
small quantities of crude fiber merely because of the difficulties of 
manipulation under routine analytical conditions For most practical 
purposes of feed substitution we can use an aserage coefficient oj 
variation in the proximate analysis of feeds as usefully as we can the 
coefficient of vanation calculated specifically for each feed separately 
This observation applies whether it is protein, fat, fiber, or nitrogen 
free extract with which we are concerned 
We must mention one further thing concerning the coefiicient of 
variation or the SD By definition a:! SD includes two-thirds of 
the vanates m the population under consideration, and, consequcntlyi 
the chance that any one variate picked at random will fall within 
these limits is two out of three It can be shown mathematically that if 
the S D IS multiplied by two (so that the limits set are now 2 S D 
above and below the mean) this interval will include 95% of the 
variates of the population Consequently, for any single variate, 
picked at random the chances will be 95 in 100 or 19 out of 20 that 
the value will fall within these larger limits These limits of —2 S D 
are sometimes referred to as the fiducial limits, and they define an 
interval within which we shall with practical certainty expect to 
find all but 5% of the individual values 

Unfortunately there are few data available on the normal vanabil 
ity of the proximate principles of feedstuffs Probably, however, from 
what figures we can find we may expect that the variability m 
analysis between samples of the same feed will be measured by coefR' 
cients of variability about as follows 

Protein *8% 

Ether extract ^15% 

Crude fiber ±12% 

Nitrogen free extract ± 3% 
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Taking these figures we can calculate the probable fiducial limits 
of the composition as to protein, fat, fiber, and nitrogen-free extract 
of feeds according to the average per cent composition they carry. 
This has been done in Table 10-2. 

In this table the first column gives percentage figures ranging 
from 2 to 90. Some of these figures are in bold face type. The 4%, 
for example, will be close to the average fat content of most con- 


TABLE 10-2 '^Normal'* Variability in Proximate Analysis of 
Concentrate Feeds 


Proximate 

Probable Fiducial Umtit (P ~ 

0.05} for Concentrate Feeds in 

Principle 

% protein % fot 

% fiber % N.-free extroct 

In Feed {%) 

CV. « 8 C.V. »15 

C.V. *12 C.V. *3 

1 

07-1.3 


2 



4 

2.8-57 

3-5 

6 



8 


. 6-10 

10 



12 

10-14* 8-16 

9-15 

14 



16 



la 



20 



25 

21-29 


30 



35 



40 

34-46 

37-43 

45 



50 



60 



70 

59-81 

65-7A 

80 



90 




• 12 X (±8 X 2) « ±1.9 or a range between 10.1 and 13.9 
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centrate feeds 12% is typical of the average protein content of the 
basal feeds, while 25% will fit the protein content of the vegetable 
low-protem supplements, and 40% that of the higher protein cate 
gory 70% is not far from the typical mtrogen-frcc extract figure for 
most of the cereal grains and low protein concentrates In columns 
2, 3, 4, and 5 are shown the fiducial limits within which we can be 
reasonably sure the protein, fat, fiber, or nitrogen-free extract values 
of any particular samples will fall according to the average figure 
for that feed given in tables of proximate composition Thus, for the 
basal feeds, we can probably count on most samples of feeds belong- 
ing in this category to carry between 10 and 14% of protein How- 
ever, for protein supplements such as brewers’ grains and gluten 
feeds, where the average protein content is likely to be about 25%. 
we shall have to expect that different samples may range from about 
21-29% 

We may not realize the full significance of this problem of vari- 
ability m composition until we deal with the problem of feed formula- 
tion in a later section of this book Nevertheless, m the discussions 
that follow in the next two or three chapters concerning feedstuffs, 
you will note that the composition figures given represent 
and since no data on the variability from these averages is ordinarily 
available, the figures in Table 10-2 may assist in a better understand- 
ing of how nearly identical feeds known by the same name are likely 
to be 

Before leavmg this matter we should draw attention to a further 
mterpretation of the variability figures that may be applicable to 
feeds within any one group As we shall see shortly a typical basal feed 
is defined as one that carries about 12% of crude protein On the 
other hand, basal feeds by classification definition also include all 
feeds carrying less than 16% protein Thus, because of the second 
definition, molasses, which carries only about 3% protein, still falls 
m the basal feed category 

While It IS quite common to examine the homogeneity of a popu- 
lation on the basis that observations which fall outside ± three times 
the S D do not belong m the category, this practice cannot legiti 
mately be applied to the feed classification The feed classification 
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js not a biological classification but is one for convenience in feed 
manipulation Consequently, we cannot legitimately use S D as a 
final test of whether or not a given product belongs in a certain 
subclassification Perhaps what we should say is that a typical basal 
feed will carry between 10 and 14% protein and consider that 
samples of basal feeds which are outside this limit but still within 
the category are abnormal samples or are special cases Thus, wheat 
that carries 19% of protein is a special case of a basal feed that 
falls outside the expected range of basal feeds On the other hand, 
molasses is a product that is a low-prolem concentrate and, conse- 
quently, by that definition is still a basal feed regardless of its exceed- 
ingly low protein content 

Fmally, we must realize that substitutions between feeds that 
differ in composition, such as in fiber or protein content, do not alter 
the average composition to the full extent of the difference between 
the two feeds substituted For example, if we have five feeds mixed 
m equal proportions and analyzing mdividually 10, 11, 12, 13, and 
14% of crude protein, and we replace the one analyzing 10% pro- 
tein by one carrying 14% protein, we shall change the average 
protein content of the mix only from 12 to 13% Similarly, if we 
introduce a second feed of !0% protein and delete one carrying 
12% protein, we shall have dropped the protein average of the 
mixture by about Vi% Thus, it is only where feeds of markedly 
different composition are exchanged in major proportions that we 
affect the average composition of the mixture sufficiently to be 
delectable in feeding value Again, we shall discuss this problem 
in its application when we consider ration formulation and feed 
substitution 


V IV 0 B L E IVl S 

1 Using Schneider’s Feeds of the World regroup the non-roughage feeds 
into the appropriate categories of the feed classification Calculate 
the average protein, fat, and fiber content by categories How many 
feeds fall outside the fiducial limits suggested in this chapter? 
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2 What are the minimum and maximum limits found between feedstufis 
that are called by the same name? 

3 Does the variation m composition of roughages of the same name 
exceed that of different samples of the same concentrate feed Can 
you suggest a reason for your findings'’ 


SUr.GESTED 

Fraps, G S , The Compoii/ion and Ulihzaiion of Texas Feeding Stuffs, 
Texas Agr Exp Sta Bull 461 (1932). 
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Basal Feeds 


ACCORDING to the notation in the Outline Classification, basal 
feeds are low protein concentrates. The upper limit with respect to 
protein is conveniently set at 16%, because this figure, then, includes 
wheat bran, which is otherwise difficult to classify. However, it is the 
entire seed of the cereals that is the typical basal feed. If we take 
an average of the protein, fat, fiber, TDN, Ca, and P figures for 
the six common grains, barley, com, milo, oats, rye, and wheat, we 
shall have a workable chemical description of a basal feed in terms 
of those nutrients and proximate principles most useful in determin- 
ing its proper place in a livestock ration. Such data are shown in 
Table 11-L 

Chemical Characteristics 

Protein. From this table it will be seen that a basal feed is likely 
to carry about 12% crude protein of which between 75 and 80% 
is digestible. (Throughout this book digestible refers to apparent 
digestibility unless otherwise stated.) It is interesting to know that the 
average crude protein of the variety of mixtures of basal feeds actu- 
ally found in Canadian commercially prepared ready-to-feed rations 
averages just about 12%, and for the rough calculation of the pro- 
tein of a Canadian meal mixture it is customary to lump together the 
basal feeds at a protein of 12%. But for rations based largely on 
com, this short cut is not justifiable. 
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TABLE 11-1 Typical Composition of Cereal Grams (all figt^res 
are %) 
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Chem 

Crude 





Cal 

Phot 

feedi 


D get! 

teal 

fol 

Crude 

Nfree 



cJom 

phorvt 


Totel 

tbie 

leore 


fber 

•«lrofl 

Cattle 

Swine 



fiarley 

12^ 

11 0 

20 

24 

6.2 

68 

71 

70 

0 05 

03B 

Com 


7.4 

28 

40 

23 

68 

60 

80 

0 01 

0.28 

JAIo 

iin 

88 


29 

22 

71 

80 


0 03 

0.27 

Oots 

124 

97 

46 

48 

11 0 

60 

66 

65 

0 09 

0.33 

Rye 

12.6 

100 

60 

1J 

24 

71 

76 


0 04 

016 

Wheel 

146 

108 

37 

2 1 

41 

70 

83 

SO 

0 03 

043 

overegi 

betel 

feed 

M2 

97 



59 

67 

75 

74 

04)5 

0.36 


NOTEi Th« TON votu«i lor th«i« wl| vary accord ng to th* quofty of rtio lompl*** 

In practice, one will not go far astray by assuming the basal feed 
mixture protein as 75% digesUble 

The quality of the protein of basal feeds is uniformly low as 
measured by any scheme that rates biological value numerically Of 
sigmficance in this regard is the fact that as compared to egg protein 
all feeds of this group show lysme as their first limiting amino acid 
This knowledge is of importance in the choice of a protein supple 
ment to be used m a ‘ balanced ’ ration It also explams why substitu- 
tion between basal feeds is not hkcly to alter appreciably the protein 
quality of the mixture 

Fat. The cereal grams belongmg to the basal feeds noimally 
carry from 2 to 5% of ether extract, but in a few mstances there are 
by product fecdstuffs that carry up to 13% of tat as m nee feed the 
mill run by product of the manufacture of pohshed nee Oat groats 
carry 7 or 8% of fat, as docs hommy feed The fat of nonKiily seeds 
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IS concentrated in the germ> and any processing that removes an 
appreciable proportion of the protein and/or carbohydrate, but not 
the oil, will leave a by-product of higher fat content than that of 
the parent seed A knowledge of the processing involved in the pro- 
duction of a by-product feed is often helpful in understanding the 
feeding properties of such a product The official definition of feeds 
may partially define the processing of by-products 

We can see an example of the effect of milling on the fat (and 
protein) of the by-products m corn By a series of cracking and 
sifting operations a granular com meal is produced for human use 
The material that is too fine for the table com meal or table hominy, 
together with all of the bran and as much of the germ as separates 
out, IS combined into hommy feed Thus, the germ is concentrated 
in the hominy feed with a consequent increase m its fat The in- 
crease m germ protem is counteracted by the increase in the corn 
bran so that the protem of hominy is slightly lower than that of 
corn, while the crude fiber content is raised 

The production of starch, on the other hand, involves a wet milling 
process The com gram, after being softened with warm water, and 
slightly acidified, is partly macerated and then allowed to soak m 
water in large tanks The germs, because of their oil content, float 
to the top where they are removed, defatted, and dried into com 
germ meal The residue from the germ separation is reground and 
sifted to remove the hulls, bran, tip cap, and other fibrous material 
The gluten and starch are removed from the remammg mass in sus- 
pension and later separated centrifugally The coarse residue made up 
of hulls, bran, etc is combined with the defatted germ, and to this 
base IS added enough gluten to give a product of 23% protem m 
one case and one of 40% protem m another The former is gluten 
feed, the latter gluten meal Thus, removal of most of the corn oil 
results in two by-products of lower fat content than that found m 
the original com, but of higher protem level, due to the separation 
and removal of the starch of the com gram 
The wet-milhng steps are illustrated m Fig 11-1 
Of course, not all plant seeds are processed m this manner, but 
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/I ^ plan of wet mtlUng of corn to produce starch 

(By products with their approximate protein and fat contents are 
also shown ) 
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the principle of the nature of the by-products is the same Remove 
carbohydrate, or fat, or protein, and the residue will be higher than 
m the parent matenal in the remaining fractions 

Ash. Basal feeds never show concentrations of calcium high 
enough to meet the needs of animals, and, consequently, they are 
not depended on as Ca sources Indeed, m practice, they are often 
neglected in making calculations for calcium supplementation The 
content of phosphorus, on the other hand, is such that for some 
classes of pigs, and sometimes with cattle and sheep also, there is no 
need for special supplements However, much depends on the kind 
and amount of roughage also fed to herbivorous species, whether 
or not supplemental phosphorus is needed The usual rule is that 
pig rations need calcium, while cattle rations need phosphorus 
fortification 

Carbohydrates. As we should expect, the fraction of basal feeds 
of primary nutntional concern is the carbohydrate About two-thirds 
of the weight of the seed is likely to be starch, which will usually be 
about 95% digested This high concentration of easily digested carbo 
hydrate is not only the distinguishing feature of basal feeds, but 
variation in this characteristic is responsible for the consequences 
of substitutions of feeds of this category 

Crude Fiber. The average crude fiber of the basal feeds is about 
6%, but individual feeds are subject to considerable variation in this 
fraction In this book the upper limit for concentrates is taken as 
18%, partly because in Canada by legal definition feeds over 18% 
fiber must be registered as roughages In particular, the coarse grains 
(barley and oats) may show wide deviations in fiber from sample to 
sample, due ordinarily either to an increase in hull or to a decrease 
m the starch filling of the groat Differences in fiber affect markedly 
their available energy value and hence their relative feeding value 
Indeed, the most important consequence of substitution between 
basal feeds is usually traceable to differences in the crude fiber of the 
products exchanged Fibers of different origin arc often quite dif- 
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ferent nutritionally The tabulation m Table 11-2 from Morrisons 
Feeds and Feeding is instructive 

TABLE 11-2 Digestibiliiy of Crude Fiber 

Crud* fiber from 

% d geilib My 

Wheat 

90 

Wheat bran 

53 

Wheat thorti 

60 

Oati 

38 

Dolled oal< 

60 

Oat cl ppmQt 

63 

Oat hull* 

40 

Barley 

56 

Barley feed 

36 

Brewers gre n* 

49 

Malt ipravis 

B7 

Flazieed 

60 

Umeed oilmeolop 

59 

Unteed ollmeal loleeni 

74 

Soybeans 

37 

Soybean olmeat 

66 

Com 

57 

Com bran 

72 

Com glvten feed 

92 

Com 0 Imeol 

75 

Corn dlsOHcrs gro nt 

83 

If the variation shown m Table 11-2 is all traceable to the un 
certainties of the chemical procedure for this feed fraction then 
the determination is of little use However, taking the published 
data we find much food for thought For example, the crude fiber 
of wheat, shorts, and bran is presumably the same matenal, thou^ 
in digestibility the range is from 53 to 90% (wheat, 90%, shorts, 
60% , bran, 53% ) Similarly, that of oats, oat clippings, rolled oats, 
and oat huUs range from 38 to 80% (oats, 38%, clippings, 63^o, 
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rolled, 80%; hulls, 40%). It seems probable that processing that 
involves soaking improves the digestibility of the fiber. The digestibil- 
ity of the fiber of corn grain is 57%, but that of com bran, corn 
gluten feed, com oilmeal, and com distillers* grains ranges from 
72 to 92%, with an average of 80%. Solvent extraction appears to 
have improved the digestibility of the fiber of flaxseed and of soy- 
beans — ^flaxseed, 60%; linseed oilmeal, old process, 59%; solvent 
extraction, 74%; soybeans, 38%; soybean oilmeal (solvent), 68%. 

These data are from ruminant digestion trials and may be too high 
for omnivora, but regardless of species of animal, any part of the 
apparent utilization of the fiber of these feeds that is not chemical 
error is a consequence of attack by digestive system microflora. One 
might argue that unprocessed fiber of seeds, which in its natural 
setting represents an outer protective coating of the seed, is rela- 
tively resistant to bacterial attack. This resistance may be due to 
lignification and/or to waxy, homy, or other weather resistant coat- 
ings. In the milling or the wet processing of such seeds, some of these 
coalings may be partially disintegrated or dissolved, thus exposing 
the cellulose to easy attack by microorganisms of the digestive sys- 
tem. “Digested” crude fiber, of course, yields as much energy to the 
animal as starch. 

Whatever the true explanation, it is easily demonstrated in feeding 
trials that fibers of different origin may affect the feeding value 
of a ration quite differently. Add 25% wheat bran to a fattening 
hog ration, and the rate of gain is depressed. Add mall sprouts to 
an equal fiber level and feed intake is increased, and the gain of the 
pig is enhanced. Add barley hulls, and the acceptability of the ration 
is damaged. 

Thus, while we may not be able to predict the reaction of the 
animals to change in the source of crude fiber in a ration; we can 
usually trace the important changes in the feeding value of a ration 
due to basal feed substitution, directly or indirectly, to the crude 
fiber involved. It is also generally true that amount of fiber and of 
available energy of basal feeds or feed mixtures are positively 
correlated. Thus, raising the fiber level means greater bulkiness and 
lower available energy, which in turn demand higher feeding levels. 
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In other words, high fiber feeds are relatively less efficient sources of 
productive energy 


Non-chemtcal Characlenstics ol Basal Feeds 

Bulk. In a general consideration of characteristics of basal feeds 
as a group there are in addition to the few chemical items some 
others we should mention The first one in order of importance may 
well be bulkmess . 

It IS true, of course, that all the ingredients contribute to the fina 
weight of a feed mixture per unit of its volume But since basa 
feeds normally constitute more than half the total ingredients o 
“balanced” meal rations, they influence the ration in this respect more 
than the other individual components 

Bulk is vanously defined, but all definitions eventually mean t a 
per unit of volume (le , per quart or per bushel) a bulky feed is 
relatively low m its yield of biologically available energy We can 
usually assume safely that among basal feeds TDN is ^ 

correlated with weight per quart (or other volume measure) The 
reason for this relationship is ordinarily traceable to the level o 
fiber m the feed, because crude fiber of the four potential energy” 
yielding fractions is likely to be the least digestible We get an idea 
of the situation from examination of a few typical basal feeds, though 
we can make quantitative interpretation of the figures only m general 
terms for two reasons Figures for weight per quart of ground basal 
feeds are subject to considerable error because of the difficulty m 
controlling the degree of packing of the feed when filling the meas- 
ure, and second, values for the TDN of specific feeds are not con- 
stants being modified by species of animal, by the nature of the crude 
fiber, and by whether the digestibility figures are determined directly 
or indirectly In Table 11-3 we present typical data for TDN, weight 
per quart, and per cent of crude fiber of a few of the more common 
basal feeds Fig 11-2 following shows the trends of these relation 
ships graphically 

As we can see from these data there is a pronounced tendency 
for an increase of one percentage unit in crude fiber or of 0 12 Ib 
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TABLE 11-3 Relation of TON, Wi./Qt., and per Cent of Fiber 
in Some Ground Basal Feeds 


Feed 

TDN (swlnel 

tb./q(. 

% fiber 

Wheol 

80 

1.7 

4 

Corn 

80 

1.5 

2 

Rye , 

75 

\S 

2 

Barley 

70 

1.1 

5 

Oats 

55 

0.7 

10 

Standard Middlings 

54 

0.8 

7 

Wheat Bran 

57 

0.5’ 

9 

Oat Mill Feed 

23 

0.3 

27 


decrease in weight per quart of a basal feed to be associated with a 
decrease of about 2.5 percentage units in TDN. The degree to which 
these trends will hold for individual feeds is dependent to some ex- 
tent on the fat content, since fat is relatively light in weight for its 
digestible energy value. 

The significance of these relationships lies in the consequences of 
substitutions between basal feeds in a meal mixture formulation. 
Obviously the use in a meal mixture of a bulky feed in exchange for 
a heavier one will mean a lowering of the TDN of the mixture; and, 
eonsequently, it will require a larger quantity of the new mixture to 
meet the total energy needs of an animal. 

Put into other terms, bulky feeds arc less cfTjcient when we meas- 
ure elTiciency as feed required per unit of gain for an animal or for 
his production. This way of thinking about feeds, however, may lead 
to misconceptions, for it does not follow that feeds of relatively low 
cflicicncy (when cfTicicncy is defined as above) arc for that reason 
always less useful in animat feeding. There arc many circumstances 
in which a light bulky feed or ration is to be preferred to a heavier 
more concentrated one, as, for example, in wintering idle adult stock, 
or in the production of lean bacon. 

Anim.ils arc so constructed that simple restriction of total feed 
allowance !ms undesirable cfTccls on their behavior. They arc con- 
tinuously hungry and hence restless and perhaps irritable. If they arc 
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Fig. 11-2. Relation among weight per quart, per cent of crude fiber, and 
the TDN of swine feeds. 

in groups, feed restriction leads to fighting for food and to the uneven 
distribution of the limited supply between the more aggressive and 
the timid individuals. The stockman’s way of solving this management 
problem is often to feed a li^t bulky feed in quantities sufficient to 
satisfy appetite, but at the same time to restrict the intake of 
as desired. Thus, wheat bran, alfalfa meal, oat feed, etc. are some- 
times deliberately incorporated in a mixture because of their low 
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available energy. Such rations can be self-fed without the undesirable 
consequences of heavy intakes of more concentrated rations. 

The more serious case is where cost of feed vs. cost of TDN is 
involved. Ordinarily bulky feeds are offered for sale at lower prices 
per ton than are the heavier more fattening basal feeds. If the price 
is in proper relation to the TDN it may matter little which feed is 
used. The increased quantity of feed needed to supply the available 
energy will be balanced by its lower cost per pound. Unfortunately, 
feeders may not have the data necessary to determine the equivalent 
values. Indeed, for many samples of feed, no data may be available. 

For example, oats is a basal feed, which, because of variety, dates 
of seeding, and the seasonal growing conditions, may vary in weight 
per bushel from 24 to over 40 lbs. per bushel. Corresponding TDN 
values might range from 60% to 75%. Using these values a feeder 
would require just over two bushels of the light weight oats to supply 
the TDN of one bushel of the heavy sample. The lighter grain would 
be worth only half as much per bushel or only 80% as much per 
ton as the heavier. But, except for average or standard grades of 
grain, there is no information as to TDN values, since each sample 
will have a characteristic value of its own. In such cases the graph 
in Fig. 11-2 might help in making some sort of an estimate of 
relative values. 

The problem of bulkiness of feeds arises again in the feeding of 
very young animals where, because of limited gastric capacity, an 
anima) csunci consume enough of a bulky feed Jo meeJ its cnc/gj' 
needs for the rate of growth desired. In this connection wc might 
point out that skimmed milk is also a bulky feed though not because 
of relatively indigestible fiber, but because of the high content of 
water, which contains no encrg>». Where young animals that normally 
would be depending on milk arc, for whatever reason, changed to 
milk substitutes, it is not desirable to make the ration into a water 
gruel because of the dilution of the energy value of the ration by 
the water. In fluid milk the energy value is maintained by its fat 
component. High fat in a man-made ration, however, is often a 
liability because of its unstable nature. Experiments with puppies 
weaned at 2 weeks, guinea pigs at 2 days, pigs at 10 days, and calves 
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at 2 weeks, all show that self-fed, dry, low-fat rations can j>ermit 
as rapid gams in body weight and be nutritionally as satisfactory 
as liquid milk in all other ways Fresh water, of course, must be 
freely available when dry rations are fed, and the nutrient make up 
of the diet must be adequate When such rations arc fed as a water 
gruel, the progress of the young is less satisfactory unless enough fat 
is incorporated to maintain, in spite of the water dilution, the energy 
level equal to that of the dry meal 

Quality m Basal Feeds 

The matter of sample-to-sample variation in quality is a special 
problem with basal feeds The important feeds of this group fall into 
two subgroups on a crude fiber basis Com, wheat, and rye represent 
a type of plant seed that is without an enveloping hull Barley 
and oat kernels, on the other hand, after threshing, remain encased 
in their flowering glumes, and because of this attribute, they are 
referred to by the Trade as coarse grains 
Because of this division of basal feeds it may be helpful m con- 
sidering quality to discuss m some detail the characteristics that 
give various basal feeds their special nutritional properties or 
that require consideration in making substitutions in ration formula- 
tion 

Corn {Maize) 

Of the basal feeds of the low fiber group com is the key feed m 
livestock rationing As seen m the tabulation following (Table 1 1-4) 
It IS the lowest in crude protein and highest in available energy 
We might also point out that under favorable conditions of 
growth, an acre will produce as TON about twice the total food 
value in corn as m any other cereal gram This high production is an 
economic consideration and makes it clear why com is so important 
a crop in areas having climaUc conditions favorable for its growth 
From the standpoint of its nutntional properties com cannot be 
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TABLE 11-4 Relative Value of Basal Feeds as ^'Carbonaceous 
Concentrates’* 


Grain 

Protein 

(Morrison) 

Net energy 
(Morrison) 

Total feed value 

(Kellner) 

Com (maize) 

67 

100 

too 

Bariey 

96 

66 

98 

Kafir 

83 

93 

— 

Milo 

85 

93 

— 

Oats 

91 

88 

95 

Rye 

96 

86 

97 

Wheat 

100 

97 

95 


dealt with so simply. Corn, like all other grains, is subject to varia- 
tion in make-up as a consequence of varietal differences and because 
of the specific conditions under which it is grown and harvested. 
Thus locally produced samples may differ from published average 
figures for chemical composidon. 

Perhaps the best recent information as to what com grain is, as 
described by the chemist, is to be had from “A Survey of Com Grain 
in the United States” which was undertaken by the Committee on 
Feed Composition of the U.S. National Research Council and pub- 
lished in their Report No. 1, issued in September, 1947. 

In order to cover different climatic and soil conditions the U.S. 
was divided into ten districts and samples obtained from each, 
roughly on the basis of total production. The samples were taken 
by Stale Agriculturists and were examined for 25 different nutrients, 
which included proximate, mineral, and vitamin analyses. The result 
of the statistical study has never been published; but there are, never- 
theless, average data available which permit a rather comprehensive 
picture of com as a source of food nutrients. In Table 11-5 the 
average as well as the minimum and maximum values are given for 
24 nutrients, all expressed on a 15% moisture basis. 

The figures for tlic make-up of com may be more meaningful if we 
look at them in relation to the recommended concentration of their 
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TABLE 11-5 Nutrient Composition of Com (Maize) Gram (15% 
inoislure basis) 


Nutr enl 

M.c 

MlnTflium 

Maximum 

Recommended 

In rat on of 

100 1b pg 

Grosi energy Cah 

37a 

375 

4 22 


Profe n % 

86 

82 

109 

16 

Ether exfroct 

39 

37 

58 


F ber 

20 

19 

21 


N Irogen-free Extract 

69.3 

68 6 

697 


Ash % 

1 2 




Cole urn 

033 

014 

029 

65 

Phosphorus 

368 

23 

72 

AS 

Potass um 

77 

IS 

37 


Iron 

0023 

0017 

0038 

150 

Magnes um 

to 

09 

12 


Sod um 

010 

0008 

028 


Oilor ne 

038 

048 

065 


lod ne 

00006 



0022 

Fluorne 

00006 




Mengonese mg /lb 

23 

17 

37 

180 

Copper 

1 8 

7 

39 

20 

Cobalt 

05 

01 

23 


Viom n A 1 u /lb 

3289 

2780 

3764 

800 

Th om ne mg /lb 

1 8 

17 

20 

07 

Hocn 

109 

8 2 

171 

50 

Riboftov n 

07 

05 

06 

08 

Ponlothenle Add 

3 1 

19 

25 

47 

Fol e oe d 

04 

03 

04 



nutrients m a market pig meal mixture Of course the comparisons 
must be general, because rations for other classes of stock will difl®^ 
from those of a market pig 

We can see at once that if com is introduced mto a balanced 
market pig ration it will lower the protem calcium phosphorus man- 
ganese, and macm Thou^ not shown in these data it is generally 
recognized that the quality of protein m com will not meet non- 
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herbivor needs When corn is used for cattle or sheep feeding the 
calcium and sometimes the phosphorus may be adequately provided 
by the roughage, and the quality of protein is, of course, not an im- 
portant factor 

But as a source of energy, regardless of how one chooses to meas- 
ure It, corn stands at the top among the basal feeds For cattle 
feeding, other perhaps, than for adult breeding stock, the feeding 
problem we meet most commonly is how to provide enough energy 
to permit growth, production, or fattening The common deficiency 
of roughage is low energy, and thus the high energy value of com 
IS of special value, since relatively small allowances will provide the 
quantities needed (as compared to other basal feed and more espe- 
cially compared to the coarse grains) to balance the ration 

High energy may be a liability This high energy, however, may 
not always be a blessing, for there are situations where the animat 
or the product may be subject to damage by rations of high energy 
For market hog feeding the high energy walue of corn gram will, 
under full or self-feeding, produce a carcass carrjmg more fat than is 
desired for so-called “lean” bacon The rashers from corn-fed car- 
casses are also likely to be of smaller “eye of lean,” as has been 
shown in experiments at Macdonald College (see Fig 11-3) This 
over-finish is merely because the more rapid gams in weight have 
brought the pigs to market weight at younger ages and hence with 
less muscle development than would be found on older pigs 

As we mieht expect from their nutrient makeup, wheat shows the 
same tenden'ey as corn to fatten, while oats, carrying five or six 
times as much crude fiber and about 20% less TDN (for swine) 
produces a bacon rasher with 40% more lean and a 50% larger 
“pork chop” eye of lean 

To those who arc accustomed to raise and/or to use the coir^c 
grams (barley and oats) com and wheat arc frequently regarded as 
uniform produets Tins impression is doubtless gained from the 
rclatisely low variation in the weight per measured bushel and in the 
crude fiber of these two grams 

It may be in order here to comment on the weight per bushel of 
grams In the feed trade a bushel of gram is not actually weighed 
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Fig 11-3 Typical bacon rasher pattern taken between 3rd and 4th 

bar vertebrae and illustrating the effect of high energy feeds on lean 
ness of bacon {Data from Macdonald College ) 

to establish a basis for selling or buying the product Legal weights 
per bushel have been established — at values near the average for 
a given gram — and these are used in arriving at the monetary value 
for a given weight of gram, because by custom the price quoted b> 
gram brokers is not per pound but per bushel A carload of 30 tons 
of oats would actually contain 1500 measured bushels of 40 lb oats 
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or 2000 bushels of 30-lb. grain. It would, however, be billed as 1765 
bushels (34 lbs. per bushel Canadian standard for oats) at, say, $1.20 
per bushel. Thus weight per measured bushel, often used as an 
index of relative energy value of a grain, must not be confused with 
the legal weight per bushel used in the grain trade. 

To come back to variation in grains, a recent survey showed that 
individual “crops” of oats ranged from 15 to 50 lbs. per measured 
bushel. No such range of values is expected with com. Insofar as 
fiber is concerned the U.S. survey of corn showed a range of from 
1.9 to 2.1%. This range may be compared with data for the fiber 
given by Winton for the United States of: 

Minimum Maximum 

Barley 3.9 9.0 

Oats 8.5 20.0 

Similarly, the protein of corn is of relatively low variability, rang- 
ing essentially from 8 to 11%, while “crops” of the coarse grains 
will be found with as little as 8% and as much as 20% of crude 
protein, calculated as N x 6.25. Nevertheless, economicdly the range 
in protein levels in corn may be highly important. 

In the compounding of batches of “balanced rations” the differ- 
ences in the proportion of protein supplement needed, with low vs. 
high protein com, to prepare a mixture of some desired protein 
level, may be large. Assume a ration is to be compounded with corn 
as the basal feed plus a mixed protein-mineral supplement carrying 
35% of protein, and that a final mix of 15% protein is wanted. We 
calculate as follows: 


Case 1 


Com 


Supplement 


8% protein 20 

\ X 

desired 15% 

/ \ 

35% protein 7 


parts com 


parts supplement = 25% 
of mix. 
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Case II 

Cora protein 20 parts com 


desired^^ 

Supplement 35% protein 4 parts supplementing 

of mix. 

Thus It IS easy to understand the concern, m com using areas, about 


the protem level of this gram 

This situation may be quite different when wheat or the coarse 
grains are to be used Here it is not uncommon to find samples that 
already carry more protem than is needed m the completed ration 
Tlie protein supplementation then is one of enhancing the quality o 
protein, and the amounts used are often the minimum to provide 
10% of the final ration protein from an animal or marine source 
Thus for 1000 lbs of a 15% protein mixture it might be desired 
that 15 lbs of the protein should come from fishmeal This propor- 
tion would call for the use of about 21 lbs of fishmeal, and if the 
gram already earned 14% protein, the result would be a mixture of 


16% protem 

Low proteins of corn The generalization from these considera- 
tions is not only that corn, because of its typically low protein con- 
tent, requires more protein supplementation than coarse grains or 
wheat, but perhaps more important, that but few livestock rations 
carrying the protein demanded by feeding standards can be made 
with com without protein supplementation This is contrary to the 
case with average barley, oats, or wheat where for herbivora there is 


no need of protein additions to the farm gram if roughage of reason- 
able quality is also fed 


Two other characterisUcs of com should be mentioned The one 
concerns its fat (or ether extract) content, which is higher than 
the average of basal feeds This is both an asset and a liability There 
IS little doubt that a part of the acceptability of corn to animals is 
traceable to its fat component, not specifically because of corn oil, but 
rather because of the effect of the fat on the physical nature of the 
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ground gram Ground com is not dusty, and unless ground to an 
abnormally fine modulus does not become pasty with mastication 
While there is no direct proof that the high palatability of com to all 
classes of stock is traceable to the fat, it is probably significant that 
in feeding studies at Macdonald College the addition of about 5% 
of a vegetable oil improves the acceptability of dry low-fat diets for 
young pigs, puppies, and guinea pigs Without the oil the rations 
carried about 2% ether extract That the oil did not improve the 
diets otherwise is evidenced by the fact that they were no more 
efficient per calorie m producing weight gams than the low-fat 
mixtures 

The high fat level, however, has a distinct liability, since ground 
corn goes rancid easily The effect may be sh^t and represent 
merely a superficial loss of palatability or it may be extensive enough 
to result m heating and/or molding with the attending adverse effects 
on nutritive value In general, ground corn cannot be stored without 
risk of such damage 

Finally, we should note the problem of moisture content, though 
the general significance of the water content of feeds has already 
been discussed Samples of com as harvested arc likely to vary 
more m water content than those of any other grain They may 
range from 8% water with full> mature material to as high as 35% 
in the case of frosted immature gram Ear corn carrying over 25% 
and shelled com carrying more than about 15% water will not store 
without damage m the usual tjpes of cribs or bins Aside from the 
effect of moisture content on storage, the nutritive value of (he 
grain will decline as it is “diluted” with more and more water (see 
page 29) 

The Coarse Grams 

As we have already implied, it is the glume or hull tint accounts 
for the higher fiber of the so-called coarse grams, as is clearly shown 
m Table 11-6, giving the pertinent data for barley and for oats 

The cause of the difficult) with these grams is that the proportions 
of groat to hulls arc subject to wide variation due to \anct>, modi- 
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TABLE 11-6 Proximate Compmition ol Hull >■! aroat of 


Oats and Barley 


Feed 

protein 

Fol 

Fber 

TON 

(rum oont) 

Appro* '*'• 
per quort 


% 


% 

c* 

70 

Ibi 

Oat gra n 

136 

53 

89 

72 


hull 

77 

1 1 

30 3 

32 


groat 

159 

59 

1 9 

92 


Barley grain 

11 9 

34 

4^ 

79 

15 

hull 

59 

1 3 

26^ 

41 


,,0.1 

11 6 

30 

3^ 

80 

1 9 


fled by seasonal growing conditions Not only do the seeds themselves 
vary but the crops as harvested may include, m addition to the graJO 
intentionally planted, the seeds from an assortment of other plants 
of volunteer origin from a previous crop or from weed impurities 
in the planting gram Corn (maize) and wheat are relatively fre® 
from or are easily freed of such contaminants, but with barley and 
oats purity of sample is often a factor influencing feeding value 

Barley. Many of the problems of nutritional quality m basal 
feeds are particularly well illustrated in the case of barley as it is 
grown, sold, and used m Canada This gram may be grown for 
malting purposes or for feeding livestock 

The scheme (Canadian) devised as a basis for the payment to the 
producer for barley delivered to elevators involves a grading according 
to the purity of the crop, its variety, and its soundness Samples, 
which because of admixtures of seeds from grains other than barley, 
or because of frost or heating damage or poor filling of kernels, are not 
suitable for malting are classed as feed barley 

Feed grades of barley {Canadian) There are three grades for 
feed barley These are partially defined in Table 11-7 As we can 
see from this table. No 1 Feed barley is essentially pure barley, 
but because of frostmg or for some other reason it is below the 
standard weight of 48 lbs per measured bushel for malting barley 
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TABLE 11-7 Partial Description of Feed Grades of Western Cana- 
dian Barley 


Maximum tolerance of foreign matenol 


Grade name 

Minimum 

weigh! 

per 

bushel 

Weed seeds 

(loo (orge 

to pass 

4/64 screen) 

Wild 

oats 

Other 

grams 

Total 

non barley 

not to 

exceed 


Jbs 

% 

% 

% 

% 

No 1 Feed 

46 

\ 

4 

4 

4 

No 2 Feed 

43 

2 

10 

10 

to 

No 3 Feed 

— 

3 

20 

20 

20 


Also, in this category is found barley that, because of vanety, is not 
suitable for malting (Some vanctics of barley peel too easily and, 
consequently, arc not wanted in malting grades ) 

Barley that is still lighter in weight per bushel and that may also 
contain up to 10% of non-barley is classed os No 2 Feed The 
No 3 Feed grade has no minimum weight per bushel and, further- 
more, need only be 80% in purity 

Wc should note that the non-barley material may be wild oats, 
or it may be “other grain,” which, m practice, is the same as saying 
It may be domestic oats and/or wheat 

All Canadian barlej that goes through commercial channels to 
the feed industry, or to Canadian purchasers of Feed barlc>, or is 
sold for export, is by law sold under one or other of these three 
categories (except that Eastern Canadian barley, though graded 
similarly, differs slightly in grade specifications) 

Of course samples of grain as harvested seldom, if ever, contain 
cxactl> these qinnlilics of foreign materials Tlic botanical malc-iip 
of the foreign material in baric} as harvested (presuming pure barlc> 
was seeded) will depend hrgcl> on wlnt crop was grown on Ihe 
area the scar immcdiatcl} preceding and on the extent of the weed 
poUition An cxlcnsnc sunc} of the 1949 Western Canada baric} 
crop dcliscncs to count} elevators yielded the figures m Chart 1 1-A 
as to punt} and chief gram diluents 
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Chart 11-A indicates that a little more than half (52%) of the 
individual crops as harvested were essentially pure barley Roughly 
a quarter of the crops were about 90%, and the balance of the crops 
considered on the whole would be similar in feeding charactenstics 
to mixtures carrying 80% barley Similar surveys in subsequent years 
revealed the same distribution of the “barleys as harvested ” 


CHART 11-A Botanical Make-up oj “Barley’" as Harvested {Fig- 
ures are per cent oj samples m “diluent” categories indicated) 


0 luenl 
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Oalt 
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1 1 ,3 

Crept 

SO 
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85 
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Nevertheless, all commercial samples of Canadian feed barley 
carry approximately the maximum tolerance of non-barley This is 
accomplished by “blending” at termmal elevators This hospitaliza- 
tion may include “blending” of wild oats and coarse grains removed 
from wheat 

To describe the feedmg value of "barley” as this crop actually 
appears in commercial channels in Canada is, consequently, not a 
simple matter To be realistic we must consider under the name 
‘ barley” at least four products 

A Pure barley (including No 1 Feed Grade) 

B Barley contaming 9% of an unspecified combination of oats, 
wUd oats, wheat or flax plus 1% of coarse weed seeds (No 
2 Feed Grade) 

C Barley carrymg 17% of an unspecified combination of oats, 
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similar bulkiness made up of light barley plus wheat A graph showing 
the quantitative relations just desenbed. prepared from a senes o 
feeding tests with market pigs conducted at Macdonald College ^er 
a period of several years illustrates these findings (sec Fig IM) 
We should expect the same type of clTect described for pigs wi 





Fig 11-4 Showing relaltve increases in qiianlilies of ration required 
produce on unit live weight gain on full fed bacon pigs during 
last 2 months of feeding 


cattle or with sheep, but to a lesser degree due to the greater ability 
of ruminants to utilize crude fiber 

We should note however, that in practical feeding it has seldom 
been possible to detect any effect of additions to pure barley of up 
to 10% of other grains On the other hand barley samples carrying 
15% or more of either oats or wheat are likely to show measurable 
differences in feeding value The effect of wild oats is merely an 
exaggeration of that produced by tame oats 

As measured by the nutritional needs of animals, all barleys are 
deficient m salt, calcium, phosphorus, iron iodine, and cobalt of 
the minerals, and m Vitamins A and D Except for herbivorous am 
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mals, barley also requires supplementation with protein to increase 
its quantity for those samples of less than about 12% protein, and 
in all cases to improve its quality by enhancing particularly the lysine 
content. j 

Many statements to the contrary notwithstanding, there is no 
acceptable evidence that once animals are accustomed to it, pure 
barley is less acceptable than any other entire cereal grain. Con- 
tamination with weed seeds will adversely affect its palatability, and 
use of such samples may explain the lower opinion some feeders 
have of barley than is justified by results with clean samples. Barley 
is frequently planted on wheat land that has become fouled with 
weeds, and among wheat raisers it is referred to as a cleaning crop. 
Thus, more often than other grains, barley as harvested may be badly 
contaminated with weed seeds. Barley meal made from such low 
grade grain may be unpalatable, but this effect should not be 
charged to a characteristic of the barley itself. 

Nutritionally the limit of its inclusion in specific livestock rations 
is set only by the quantities of other products that must be included 
in order to make good the nutritional deficiencies of the barley, 
except that for very young animals it may be desirable in some way 
to reduce the quantity of hull of the ration either by coarse grinding 
and sifting or by dilution with low-fiber feeds. 

In practice, there are at least two uses to which “barley” is often 
put where the kind of “other grain” diluent may be of significance. 
When market pigs intended for lean bacon are finished on barley 
diluted with wheat there is a tendency for the production of overfat 
carcasses. On the other hand, dilution of barley with oats tends to 
reduce the available energy concentration and, consequently, tends 
to produce less fattening. Similarly, non-producing stock being carried 
on maintenance rations can advantageously use the barleys of lower 
weight per bushel such as oat and wild oat-light barley combinations. 

Finally, it may be in order to call attention to the “black sheep” 
of the barley family — a product officially designated as barley feed. 
It consists of the mill-run residue from the production of pot and 
pearl barleys. The residue is barley hull plus the outer layers 
of the kernel resulting from the polishing of the dehulled grain to get 
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rid of Ibc bran and cmbrjo portions. Tfiis product is of low feed 
value, having at best only two-thirds the digestible nutrients o 
typical barley. We mention it here liccausc it sometimes is illegally 
incorporated into ground barley or into barley containing meal mix- 
turcs. Its presence will lower the emciency of the feed containing 
it, both by reducing the acceptability of the ration to the stocl: an 
by reducing available energy. 

Oats. What has been said concerning the variability of barlcj 
as harvested applies, in general, to oats as a basal feed, the chi^ 
dilTcrencc being that whereas barley normally carries about 6 c 
crude fiber, oals carries 10 or llTo, Oats, in other words, starts at 
a lower level of cnerg) value than barley. Variation between samples 
is fully as great as tint with barley, and the consequences of the 
diflercnccs in weight pee bushel follow the same pattern as those 


CHART ll-R Doianical MaU-iip of -Oats" as Harxesied (fig- 
ures are per cent of samples tn "diluent" cotegortes tndicated) 
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described for barley The botanical make-up of “as harvested” Cana- 
dian oats IS shown in Chart II-B 
There is no experimental evidence to support the contention put 
forward by some feeders that oats has any special nutritional virtue 
for any particular class of stock It is true that the hull of the oat 
IS somewhat softer and perhaps less irritating in the digestive tract 
than IS the hull of barley 

Barley groats, oat groats, wheat, polished rice, and corn all are 
rich sources of available energy and have about equivalent feeding 
value in the ration The chief differences m these grains as feeds are 
traceable to the proportions of the hull, or more specifically to the 
level of crude fiber 


Buckwheat 

Perhaps the only other individual grain feed of the basal group 
that requires special mention is buckwheat, and at the outset we 
should call attention to the problem of names of buckwheat products 
The offal of buckwheat milling consists primarily of black hulls 
and of middlings, the latter made up of the seed coat, the adhering 
endosperm, and the embryo The hulls, which represent almost 30% 
of the weight of the entire buckwheat, have little feeding value The 
middlings are rich m protein and fat, which are derived chiefly from 
the aleuronc layers and the embryo tissues So-called buckwheat feed 
is a mixture of hulls and middlings The proximate composition of 
these three products as given by Winton is in Table 11-8 


TABLt, 11-8 Proximate Composition of Buckwheat By-Products 



Woter 

Protein 

Fot 

Fiber 

N free extract 

Ash 


% 

% 

% 

% 

/o 

% 

Entire leed 

12 6 

100 

22 


64^ 

2 1 

Hulls 

65 

78 

1 4 

33 6 

47 1 

36 

Middi ngt 

100 

267 

72 

68 

44 6 

A7 

Feed 

100 

159 

4 1 

22 0 

44 8 

3 2 
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We can see that entire buckwheat is a basal feed, buckwheat fe 
a roughage, and the middlings a protein supplement 

The one particular feature that we should mention here is t 
products containing the hulls are likely to carry enough of a pho o- 
porphynne to cause light sensitization in white skinned animals 
exposed to the sun a rash ma> develop of such severity as to a 
versely affect the performance of the animals 

Entire buckwheat is frequently incorporated into poultry saa c 
gram mixtures but is less often used for other classes of stock Buc 
wheat middhngs, however, is a common feedstuff in districts w 
buckwheat growing is a regular practice The hulls, because of t eir 
woody nature, are particularly indigestible and practically use ess 
for feedmg purposes 


Wheat Bran and Other Wheat Milling By-Products 

Wheat bran has had a rather checkered career as a feedstuff 
mally discarded as a worthless offal from the milling of wheat or 
flour. It was suggested and eventually popularized as a livestock fee 
by Dr Henry of Henry and Mornson fame 

In some districts farmers began to consider this feed indispensa e 
and shortages developed so that bran was rationed by some fee 
dealers, allocatmg it only where other feedstuffs were also purchase 
The wheels of fortune turned on occasion, however, and bran be 
came a drug on the market To ease their selling problems some 
millers made the sale of wheat flour to jobbers and bakers contingent 
on the purchase of bran in amounts equal to that represented by the 
milled flour This practice Jed to the situation where the feeder 
bought his supplies of bran from the baker The feeder soon realize 
that he was getting to be a pawn in the game of the disposal by the 
flour miller of one of his by-products — made possible by the feeders 
belief that bran was a necessary ingredient of a satisfactory livestock 
ration This belief is gradually being dispelled, and bran is more an 
more used as it should be, specifically to capitalize on its unique nutn- 
tional properties Its light, bulky physical nature, together with its 16 /«- 
of protein of high quality (a chemical score equal to that of bee 
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muscle) and high phosphorus content give bran a unique place m 
livestock feeding About 40% of the germ of the wheat is m the 
bran, which accounts for its high quality of protein Included m 
the herbivor ration, it provides supplementary phosphorus to correct 
the common shortage m the forage and its cellulose-hemicellulose 
carbohydrate is, of course, an acceptable source of energy for these 
animals Its bulk is often advantageous as a means of lightening 
the heavy concentrated nature of a predominantly corn ration 
The bulky nature of bran is of special usefulness m the preparation 
of non-fattening rations, as for the bacon hog With this class of 
animal bran yields less energy than to cattle, and thus its introduction 
into the meal mixture of market pigs during the last two monhs 
of feeding before slaughter has the effect of curtailing the energy 
intake and thus the fattening of the pig, without feed restriction 
Canadian experiments and practical experience has demonstrated that 
hog finishing rations diluted with 25% of wheat bran by weight can 
be self-fed to market pigs without the penalty of the excessively fat 
carcasses which otherwise result from self-feeding practices 

None of the other wheat milling by-products shorts, middlings, 
feed, flour have any of the special properties of the wheat bran 
They are basal feeds useful largely in proportion to their TDN and 
other nutrient values 
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CHAPTER 


Protein Supplements 


Products of Plant Origin 

AS WE INDICATED m the feed classification, the protein sup- 
plements of plant origin divide quite naturally into two subgroups — 
the one containing the feeds that carry from 20-30% total crude 
protein, and the other those running from 30-45% crude protein 
In order to picture certain of the characteristics of these two 
groups of feeds, we have entered a few of the more common products 
belonging to each in Table 12-1 

Insofar as we can descnbe them by averages, we can see that 
the chief difference between these two types of supplements is in pro- 
tein content, the higher protein being associated with a lower carbo- 
hydrate analysis The 20-30% group is made up primarily of by- 
products of wet milling, brewing, or distilling of corn or barley The 
by-products tend to be high in crude fiber The feeds of the other 
group are almost entirely residues of oil-bearing seeds, which have 
been processed by chemical extraction or by expression to remove 
most of the oil The carbohydrate is relatively low Because of a 
higher fat content, the TDN is likely to be somewhat higher in 
this group of feeds than in the 20-30% group 

In the matter of quality of protein, it is evident from the chemical 
scores that the feeds in the 20-30% group are poorer than arc those 
of the higher protein category Perhaps the reason for this difTerencc 
is that less of the germ proteins are removed in the process of fat 
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extraction than they are with the water treatments involved in wet 
milling or brewing. The feeds of this lower protein group are by- 
products either of corn or barley, and the chief, or at least the first 
limiting factor in their quality is a deficiency of lysme. Malt sprouts, 
however, presents an exception to this rule, where the protein is a 
combination of the proteins found in the barley grain together with 
those of the newly sprouted root. At the moment there is no experi- 
mental evidence that gives qualitative differences between these two 
proteins, but there is every reason to believe that the proteins of 
the rootlet will be similar to those of leaf. We believe also that young 
leaf proteins may be of a more complete amino acid make-up than 
we find in the seed of the plant. 

Oilmcals. In spite of the overall better quality, the first limiting 
amino acid of linseed and cottonseed is lysine, but with the peanut 
meal the sulfur-containing amino acids, methione and cystine, are 
relatively the more deficient, with lysine standing second. Soybean 
oilmeal proteins, on the other hand, are probably the most complete 
of any of the plant seed proteins. Table 12-2 gives an idea of the 
amino acid distribution in the protein of the important oilmeals, 
which may be of interest at this point. 

It is evident, therefore, that supplementation of the basal feeds 
with any but soybean oilmeal of the high protein feeds of plant 
origin is not likely to result in improved biological values. Most of 
these feeds have a common deficiency in lysine, which sets an upper 
limit to their usefulness in rations of animals where quality of pro- 
tein must be considered. 

Crude Fiber. The feeds belonging to the lower protein category 
among the supplements are likely to have a higher crude fiber content 
than arc those of the oilmeal group. It is perhaps for this reason that 
such products as brewers* grains, malt sprouts, and distillers’ grains 
arc not as commonly though! of as hog feeds. The higher fiber con- 
tent is of less direct consequence in the dairy ration. 

Tlie important factor here is the effect of the bulkincss of the 
feed. Bulk becomes important in practical feeding of cattle because 
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TABLF 12-2 Partial Ammo Acid Content of Oilmcals as a per 
Cent of Their Dr\ Holler (Dried sUmmilh and corn for earn 
partson) 


Cotton Com 

Dried Unteed Soybeon leed gluten Peonut Wbol* 

Am no odd iVmmtk olmeol oilmeal oilmeol meal ollmeol e®”* 
340 s 33®S 45<^ 47«’o 42®o 43<^ 


Arg n ne 
Hildne 
lyine 
Tyros ne 
Tryptophane 
Phenylolon ne 
Cyii ne 
Meth on ne 
Threon ne 

Itoleucine 
Vol ne 
Glycine 


^ 46 
08S 
2JS 
) 80 
0S4 
1 93 

0 37 

1 12 
XjSi 
5 10 
1 53 
220 
013 


3i>4 
0U9 
082 
I 68 

0 63 

1 es 

0 63 

0 99 

1 68 

1 15 
1 98 


26t 
103 
2 43 
1 85 

0 63 

1 as 

0 59 
081 
180 
3 60 

1 80 
I 58 
0 45 


3 11 
1 09 
1 13 

1 34 
OSS 

2 77 
084 

0 67 

1 26 
5 88 

1 47 
294 

2 22 


1J0 
OJI 
046 
2 60 
0 25 
277 

0 50 
231 

1 68 
10^0 

2 10 
2 10 
1 80 


4 46 

0 95 
IJ5 

1 98 
045 

2 43 
072 
041 
068 
440 
148 
315 
2 52 


0 36 
072 
0 23 
045 
0 05 

041 
010 

042 
194 
042 
041 


allowances are measured by volume rather than b> weight As a 
ration is made bulkier by the inclusion ot light feeds the \oiume 
quantity of a ration required to yield the amount of digestible energ> 
called for by the feeding standard increases rather rapidlj 

For example we can assume for rough calculation that a meal 
mixture of standard feeds carrying 75% TDN will weigh about one 
pound per quart and that one of the 70% TDN will weigh only about 
8 lb To supply one pound of TDN we require 1 33 lbs of the 
heavier and 1 43 lbs of the lighter feed But if we express the allow 
ance is m quarts we find that for 1 33 quarts of the heavier mixture 
we shall require 1 80 quarts of the hehter one The increase m the 
case of weight is about 7% but by volume it is 35% 

Insofar as the cattle themselves are concerned added bulkiness 
of ration is of little importance The difficulty lies with the feeder 
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who IS not always fully aware of how many more quarts of bulky 
ration must be fed to supply the nutrients contained in a more con- 
centrated feed mixture 

Calcium and Phosphorus. The calcium and phosphorus content 
of these protein supplements should be compared to the probable 
concentration required in the complete cattle ration Feeding standards 
indicate that approximately .2% of tlie dry weight of the ration 
should consist of calcium plus about an equal quantity of phosphorus 
Daily allowances of good quality roughage can be expected to supply 
all of the calcium that cattle require The importance of the concen- 
tration of this element in the feeds of the meal mixtures is, therefore, 
small In any case, these feeds will usually constitute no more than 
35-20% of the final meal mixture fed and their calcium content, 
therefore, will not be important in changing the calcium content of 
the ration 

The problem of phosphorus, however, is somewhat different This 
element in feeds is quite likely to be correlated in amount with 
protein content Thus, high protein feeds commonly provide more 
phosphorus than low protein feeds In general, the feeds of the 
20-30% protein group supply about double the concentration of 
phosphorus that is required in the final ration of cattle stock, and 
the feeds of the 30-45% category supply somewhat more Thus, 
as the protein Ie\ei of the meal mixture is increased by the addition 
of protein supplements^ the phosphorus is also augccuiracd A-s vve 
shall explain in more detail under formulation of rations, this cor- 
relation does not necessarily mean that a phosphorus supplement 
can be omitted from the meal mixtures of milking cows 

riTccts of Processing. Wc have already suggested that the by- 
product feeds arc hkcl> to be more constant m chemical make-up 
tinn arc the unprocessed basal feeds Tlicrc arc ncscrthclcss diffcr- 
cnccs m the processes to which by-product feeds may have been 
subjected, sonic of which Invc a bearing on their cfTcctivc nutritional 
\ allies TIic use of heat, for example, may be cither detrimental or 
bcncficiil, depending on the feed and depending on the amount of 
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heat Soaking of the product and subsequent drying may also have an 
effect on the availability of some of the nutnents of the resulting 
products 

With feeds that are by-products of brewing or distilling, the ea 
involved is usually that necessary for the drying of the product 
The cost of this operation is appreciable, and in some cases suppliers 
offer samples that have not been dned sufficiently to ensure that 
the feed can be safely stored Storage in the usual warehouse o 
feeds that contain appreciably more than 12% of moisture invites 
risk of spoilage It may be worth commenting here that high moisture 
samples should be priced so that the unit cost of dry matter is equiva 
lent to that asked for normally dry samples 

With the oil bearing seeds, the use of heat is for a somewhat 
different purpose It may be applied intentionally, or it may be in- 
cidental to the process of fat extraction In general, there are three 
oil milling methods The “old process” is more properly terme 
the ‘ hydraulic process,’ in which the seed is crushed into flakes 
and these are then subjected to steam cooking The hot wet mass 
IS spread m layers between heavy cloth and placed in a hydraulic 
press where as much of the oil as possible is squeezed out by pt®*" 
sure The resulting cakes may then be broken into a granular form 
and sold as oilcake, or they may be ground into a fine meal In 
this process the residue still retains 5% or more of fat 

The expeller process is not unlike the hydraulic process m princi- 
ple The seed, after cracking and drying, is heated in a steam 
jacketed apparatus, and subsequently the mass is subjected to pressure 
in a screw press A considerable amount of heat is generated fro^” 
friction m this process The residue is again ground into a meal 
About the same proportion of fat is extracted by this process as m 
the hydraulic process 

The solvent process is quite different, it employs a volatile fa* 
solvent, m which the flakes are soaked or washed Once the oil 
has been thus removed the residue is heated to remove the last traces 
of the solvent Usually only about 1% of fat remains in the oilmeals 
prepared by this process Oilmeal prepared by solvent extraction 
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may require further heating or “toasting” to improve digestibility. 
Whether or not this extra treatment is necessary depends on the 
particular protein involved. 

Soybean protein is enhanced in feeding value for non-herbivorous 
animals by sufficient heat treatment to destroy a substance present in 
the soybean that otherwise inhibits proteolysis. There may also be 
some change in the protein molecule itself, which increases the availa- 
bility of the cystine and methionine. Experiments indicate that methi- 
onine in heated soybeans is more rapidly liberated by enzymic action 
than with an unheated product. Soybean protein is not the onlv one 
that is improved in digestibility by cooking. The proteins of the 
navy bean and of the velvet bean are in this category. 

We should note, however, that in these cases where heat does im- 
prove protein value, the temperature, time, and heat intensity are of 
importance. Too severe treatment will undo the favorable effects of a 
milder treatment. 

The proteins of most feeds, on the other hand, show a decrease 
in nutritive value when subjected to heat. Experimental evidence 
seems to indicate that when heating damages a protein, the damage 
is likely due to a destruction of lysine. At least a number of heated 
proteins arc restored to their original value by additions of lysine. 
Lysine, in fact, is rather easily damaged, and some evidence indicates 
that even mild drying of some proteins of animal origin may be 
detrimental. 

To come back to the oil meals, we know that cottonseed meal 
and peanut oilmeal may be damaged by heat treatment, both in 
digestibility and in biological value. 

Mitchell and Block* come to the conclusion that food products 
whose unheated proteins arc ranked lower by a biological assay 
than by a cliemical appraisal by chemical score will probably show 
an improvement in biological value on heating; while those food 
proteins whose biological assays and chemical ratings show reasonable 
agreement arc likely to be damaged in biological value by heating. 

Insofar as the proteins that arc ordinarily fed to livestock arc con- 

* Sill. Abu. mu! Itrw. V. 16. No. 2 (1946). 
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cerned, only the ptote.ns of soybean products appear to be improved 
by heating The others are more likely to be damaged primarily 
through destruction of lysine 

rat level. The matter of the fat content of oil-bearmg seed 
by-products is one which must be taken into account sometimes i 
they are to be used for certain classes of livestock Most vegeta e 
oils, if fed to meat animals in any appreciable amounts for perio s 
of a month or more previous to the slaughter of the animals, ten 
to produce a soft oily fat This is particularly objectionable m the 
case of pigs For hogs whose carcasses arc to be made into bacon, 
heavy feeding of corn (of only 5 % fat) during the finishing perio 
may be sufficient to cause this softening of the fat Thus the feeding 
of the oil seeds as grown on the farm is not ordinarily a desira e 
procedure Extraction of the oil leaves a residue that m diffcren 
instances may contain from almost none to 10-12^ of fat, depen mg 
on the process and the efficiency with which it is operating It ** 
possible to feed ground soybeans, ground peanuts or other fee 
of this type to cattle without undue penalty in carcass quality* 
these products cannot safely be fed to finishing pigs However, they 
are sometimes used for younger pigs 

Expeller oilmeals will carry about the fat content shown m Ta e 
12-1 The use of solvent extraction is increasingly common, wit 
the result that the fat content of the oilmeals so treated is reduce 
to about 1% This reduction of fat means an increase m protein 
and m carbohydrate concentration but a reduction of about 5 P^’’ 
centage units of TDN m energy value The alteration of protein le'' 

IS great enough to be nutritionally and economically important, but 
the changes m the other nutnents are not likely to have measurable 
effects in the final ration 

We should also call attention to the high TDN values for most of 
the products of this category With the exception of brewers’ gW*"® 
and malt sprouts, the inclusion of almost any one of the protein 
supplements of plant origin in the typical rations of livestock cn 
hances the TDN as well as the protein Thus, where they are of 
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competitive price per unit of TDN these feeds can be included for 
their energy value equally as well as the basal feeds. There is no 
acceptable evidence that excesses of protein, such as might be 
caused by supplementation of this kind, are likely to be of practical 
significance. 

Precautions. Most of the oilmeals are wholesome and palatable 
to all classes of livestock. An exception would be imheated soybean 
oilmeal as an ingredient in the hog ration. The toasted product, how- 
ever, is entirely satisfactory. There are, nevertheless, some pre- 
cautions to be used in connection with some of these oilmeals. 
Cottonseed meal, for example, must be used cautiously with any 
but adult cattle stock because of the poisonous nature of the gossy- 
pol, which may be present in grades of meal containing appreciable 
amounts of the cottonseed hulls. Thus, low grades of cottonseed 
meal should be especially avoided with young animals whose sus- 
ceptibility is greater to this poisoning than it is with older stock, 
and even the high quality products should be avoided for pig feeding. 

Rapeseed oilmeal is another product of this protein supplement 
category that has peculiarities due to glucosides from which mustard 
oils may be formed in the digestive tract of animals under certain 
conditions. These oils arc irritating and produce undesirable conse- 
quences when they are included in too large quantities in livestock 
rations. In actual practice the inclusion of much over 4 or 5% of 
rapeseed oilmeal in livestock rations renders them unpalatable. Here, 
again, young animals and possibly pregnant females may be more 
susceptible than other classes to the harmful clTects of rapeseed 
oilmeal. 

Tlic special property that has been claimed for linseed oilmeal may 
be questioned. Raw linseed oil is sometimes used as a laxative with 
farm animals, and many statements have appeared to the cfTcci 
that one of tlic beneficial effects of linseed oilmeal can be traced to 
the 8 or 99c of oil in the product. Tins was supposed to help lubri- 
cate the digestive system and to correct the constipating effects of 
dry hay or other feeds of that nature. Tlicrc was also the belief 
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that cottonseed meal tended to be constipatmg Experimental ew- 
dence does not support the presumed difference between linseed oil- 
meal and cottonseed meal in this respect In fact, tests indicate t a 
the rate of passage of diet “residues” through the digestive system 
of various kinds of animals is not differentially affected by the nor- 
mal use of either of these feeds 

Sojbean Oilmcal. The special role of soybean odmeal as a pro- 
tein supplement requires comment At least m North America soybean 
oilmeal has become the key feed among the protein supplements o 
plant origin The extent of its use m different parts of the U S an 
Canada at any one time is influenced by its price m relation to that 
for other oilmeals Because of its higher biological value this fee 
has now replaced much of the meat meal, tankage, and fish mw . 
which were m the past the mainstay of protein quahty in rations or 
non herbivorous animals 

Insofar as the biological value of the protein m soybean oilmen 
IS concerned, it is interesting to compare Us amino acid makeup wi 
that of the protein of milk and of linseed oilmeal, the former is a 
protein of neatly perfect biological value, and the latter is a planf 
protein that is still the standard m many distncts of North America 
This comparison is given m Table 12-3 


TABLE 12-3 Partial Amino Acid Makeup of Soybean and of 
seed Oilmeal Dry Matter Relative to That of Milk as 1 00 


Am no Ac <1 

Soybean O Imeal 


Ly.ne 

95 (76)‘ 

32 

Tryptophane 

120 (94) 

120 

Cyit ne 

140(128) 

170 

Melh onine 

72 (57) 

88 

iMleucine 

117(94) 

75 

* Corrected to 34% crude prote n 


This way of comparing soybean protein quahty leads to the con 
elusion that the chief advantage it has over linseed meal protein U 
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its markedly greater concentration of lysine, the amino acid that is 
ordinarily the first protein quality deficiency of the basal feeds. 

However, the particular amino acid distribution of this feed ap- 
pears to be such that in combination with com (and necessary min- 
eral and vitamin supplements) it forms a ration in which little or no 
animal or marine protein is necessary for hog feeding. Thus where 
high grade fishmeals or meatmeals are not readily available and/or 
are not competitive in price, soybean oilmeal offers a valuable alter- 
nate source of protein. 

Protein Supplements of Animal and Marine Origin 

Analogous to the high protein feeds of plant origin is a group of 
edible by-products of animal or fish origin. These are usually em- 
ployed to enhance the total protein of basal feeds, but, in addition, 
they contribute to the mixture a sharply different proportion of a 
number of amino acids from that characteristic of most proteins of 
plant sources. For example, plant seed proteins are usually seriously 
deficient in lysine. Meat, milk, and fish proteins, however, are rela- 
tively rich in this amino acid, though they are themselves likely 
to be short of the sulfur-containing cystine and methione. 

The products belonging in this high protein group are more diverse 
as to protein level than are feeds of any other protein category. The 
individual feeds frequently have unique properties affecting or limit- 
ing (bcic use. Soate of these sre rndfcixtcd by chemical make-up as 
shown in Table 12-4. 

Excluding whey powder, which really docs not belong in this 
category but will be discussed here because of its protein characteris- 
tics, we can sec that the range of protein values is from 34 to 82%; 
the fat ranges from essentially 0 to 15%; and the calcium and phos- 
phonis values with some of the feeds are present in supplementary 
amounts. There arc several grades of both tankage and fish meal, 
representing differences in processing, which result in products of 
distinctly dilTcrcnl characteristics as feeds. However, before dealing 
with individual products wc should note the general feeding charac- 
teristics of the feeds of this group- 
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TABLE 12-4 Composition of Typical Feeds of Animat or Marine 
Origin 


Total Dtgeatible 


Ether 


Meat meal 
Meat and bone meal 
Blood meal 
Tankage 
low fat 
high fot 
53% protein 
70% protein 
Fnh meal 
low eih (li] 
hgh oih(3l) 

50% protein 
70% protein 
55% proto n (oily) 
Milk 

ikimmilk powder 
whey powder 


55 50 10 

45 42 12 

82 65 1 

68 60 3 

61 45 15 

58 36 II 

73 70 12 

71 66 6 

52 49 1 

53 49 4 

74 71 I 

68 65 10 

34 33 1 

12 II 1 


% Ash 

Ca P 

g70 4^0 

11 0 5 20 

33 26 

6 20 3 40 


5^0 3 00 


1 25 1 00 

1 18 0 66 


% 

TOM 

74 

68 

61 

65 

77 
68 

94 

78 
49 
55 
71 
87 

85 

84 


Protein Qualit}. With regard to protein, there is a remarkable 
similarity in the ammo acid distribution of the different feeds (see 
Table 12-5) All carry as much or more lysine than is found in the 
protein of egg (which is usually taken as the standard of excellence 
in regard to ammo acid assortment) As compared to the average 
cereal gram protein, animal or marine proteins have a higher l>s*ne 
level by about two and a half times (see Table 12-6) 

The isoleucine level of meat meal, fish meal, and milk is at 1^ 
509o higher than that in the mixed proteins of cereals, but bl 
meal and, consequently, tankage, which contains blood, is tovf 
this ammo acid Because of their lysine and in most cases their 
isoleucine levels, the feeds of this group are valuable as suppIenieDt5 
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TABLE 12-5 Essential Ammo Acid Content of the Proteins of 
Certain Animal Protein Feeds {As a per cent of total protein) 


Amino acid 

Tankage 




Milk 

Egg 

Arginine 

59 

70 

37 

74 

43 

64 

H stidine 

27 

20 

49 

24 

26 

2 1 

Lysine 

72 

70 

8 8 

78 

75 

72 

Tyrosine 

29 

3 2 

37 

44 

53 

45 

Tryptophane 

07 

07 

1 3 

I 3 

1 6 

1 5 

Phenylalanine 

51 

45 

73 

45 

57 

63 

Cystine 

— 

1 0 

1 8 

1 2 

1 0 

24 

Methion ne 

— 

20 

t 5 

35 

34 

4 1 

Threon ne 

30 

40 

65 

4 5 

45 

49 

leucine 

77 

8 0 

122 

71 

11 3 

92 

Isoleucine 

27 

63 

1 1 

60 

85 

80 

Vol ne 

54 

58 

77 

58 

84 

73 


TABLE 12-6 Comparison Between Proteins of Cereal and Animal 
Origin {Figures are per cent of total protein) 


Cereal* 

Animolt 

Egg standard 

Arginine 

48 

57 

64 

H stldine 

2 1 

3 3 

2 1 

Lysine 

3 1 

77 

72 

Tyrosine 

48 

39 

4 5 

Tryptophane 

1 2 

1 1 

1 5 

Phenylalanine 

57 

54 

63 

Cyst ne 

17 

1 2 

2A 

Methionine 

24J 

2 6 

4 1 

Threonine 

34 

4 5 

49 

Leucine 

71** 

92 

92 

Isoleucine 

4 3 

49 

80 

Vafne 

52 

6/, 

7J 


• Wh*ot, tom ry«, oot» 

** Com not induded tn tttU avorog* It corrltt 32^ of hi prote n oi lovcin* 
f TonVog*, moot, b(ood, fiih, m tk 
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to the plant proteins, the combinations usually having a higher effec 
tive biological value than that of plant protein alone 

As a group, the feeds of this category are dcficiettt in the sulfur- 
conlammg ammo acids, cystine and methionine Methionine can, 
of course, be converted m vivo to cystine (although the reverse is 
not true) Hence the combined deficiency of these two acids can be 
relieved by fortification of the diet with pure methionine, vvhic 
economically available as a feed supplement 

It IS now believed that the biological function of methionine as a 
methyl group donor can be replaced at least in part by Vitamin 12 
in Its role of facilitating syntheses involving these CH 3 groups In prac 
tice therefore any reduced biological value of the proteins of meat, 
fish, and egg (or, of course, of any other feed) caused by shortage 
of cystine and methionine can be so easily and effectively correcte 
that It can be largely disregarded (assuming, of course, the correction 
IS made) The feeder has the option of adding methionine, or Vitamin 
Bi 2 , or both 

Ash. Another characteristic of this group of feeds is their high 
ash and especially their high calcium and phosphorus Whereas the 
plant products carry less than 1 % of either of these elements, an 
more often only 14%, meat and fish meals run from 5 to 11 
calcium and from 3 to 5% phosphorus These high levels are, o 
course, due to the presence of appreciable amounts of bone la 
general the higher the protein in either meat or fish meals, the 
lower the calcium and phosphorus In many meal mixtures the 
desired supplementation of the basal feeds with these two minerals is 
accomplished incidental to the use of meat or fish meals m amounts 
needed to adjust the protein quality or quantity 

Fat. Both tankages and fish meals may have widely different fat 
percentages Fat in either of these products is nutritionally a liabiht) 
It IS unstable and hence complicates the feed storage problem The 
onset of rancidity not only may adversely affect palatability but may 
result m residues that catalyze the destruction of oxidizable nutrients 
in the ration, especially Vitamins A and E Also, with the feeding 
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of oily fish meal there is the possibility of taints in ^ilk, egg, and 
flesh; as well as the production of oily (or soft) pork. Hog carcasses 
graded “soft” are unsuitable for bacon. 

Individually some of the feeds of this grouping have peculiarities 
which we should note especially. 

Skimmilk, for example, stands out by itself in this group of feeds. 
Its protein is almost perfectly digested and its biological value is 
usually rated as next below that of egg (actually its egg replace- 
ment value is about 96%). Its calcium and phosphorus are relatively 
low as compared to the feeds carrying bone. Thus it can constitute 
a large fraction of the“ration without introducing excessive minerals. 
It contains no digestion resistant components comparable to the 
tendons and ligaments that form a part of tankage. Nor has skim- 
milk any damaging fat content. Therefore, it is often used as an 
important source of protein in the rations of young animals. In this 
role its high riboflavin is also a decided advantage. Its relative, 
whey powder, however, is not a protein supplement in the usual 
sense. But in grain mixtures where the protein level is already ade- 
quate, its exceptionally high lysine and riboflavin content can often 
be used to advantage, even though its total protein is about that 
of basal feeds. Thus, hog rations, which because of the liberal in- 
clusion of high protein wheat already carry 15% of total protein, may 
be fortified with needed lysine through the use of this relatively cheap 
but low protein dairy by-product. 

Blood meal, for another example, is unexpectedly low in digestible 
protein. This unexpected peculiarity is due to the fact that hemo- 
globin is resistant to proteolytic enzymes, perhaps because of the 
effect of high heat in drying the blood. Furthermore, the eflectivc 
biological value of its protein is low as compared to that of the 
Ollier feeds of this category. 

From Table 12-4 we can see that tankage may be a variable prod- 
uct with regard both to fat and to protein. The fat level often appears 
to rcficct the market demands for soap fats. When tliesc arc in 
surplus, the tankage fat levels may rise, presumably as a secondary’ 
outlet for the fat. High fat tankages arc not only less stable than 
low fat samples, but have a much reduced protein level. If the tank- 
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ae= ,s to carry only 45% digestible protein, meat meal is usually 
a preterable Aoice, since it is likely to be largely muscle 
whereas tankage contains appreciable quantities of gut, ten 
connective tissue, the proteins of which are of somewhat poorer 
biological value than are those of skeletal muscle ^ ^ ^ 

High protein tankages are usually prepared and standardize oy 
adding necessary amounts of blood meal to a lower protein tanKag 
base Tankage may contain up to 35% of blood, which pro a 
does not enhance its biological value Another significant point m 
discussion of tankage is that present day tankage docs not con 
appreciable amounts of glandular organs, since these are like y 
be used as sources of extracts that eventually find their way in 
pharmaceuticals Loss of the glandular materials has been 
mental to the feeding value of tankage 

High fat fish meals also present problems we should discuss 
this point Some fish meals are by-products of the fish filleting busines 
and consist of the entire fish (sometimes including entrails) minus 
the fillets removed The fat content of such materials will depend m 
large part on the kind of fish involved Thus white fleshed fish, m 
eluding cod, haddock, hake, pollock, skate, and monk fish, can 
be processed into the relatively low fat “white fish meal * 

Meals from hernng or pilchard, on the other hand, are not by 
products of filleting, but of the fish oil industry These meals 
considerable oil, the level depending in part on the freshness of t c 
fish at processing In the case of pilchard, operators claim that if t c 
fish are not processed within 3 days of being caught, it is impossi 
to produce, without solvent extraction, a fish meal of less than ^ 
fat Furthermore, poor processing also results in a high oil mea 
Thus fish meal carrying more than 9% of fat is not only less desirab e 
as a feed because of its oil, but also because its high oil content is 
indicative of a product made from stale fish, or of one that is 
result of bad processing These were the factors that led to the re- 
quirement m Canada that fish meals of 9% or over of fat be labelle 
as oily Fish meals that are residues of oil recovery by the suo 
rotting’ process are invariably oily, sometimes running as hich as 
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20% ether extract. Such products should be avoided in the feeding 
of farm livestock. 

Another matter we should comment on before leaving the subject 
is the various kinds of fish meal that are available. In the case of 
meat meal and tankage no indication is given in the name as to the 
kind of animal from which the material was derived. With fish meal, 
however, the labelling may indicate the kind of fish involved. Thus 
there are herring meals, sardine meals, pilchard meals, etc., as well 
as whale meal. Present indications are that these products are valu- 
able largely in accordance with their protein content and that their 
limitations as feeds are usually related to their oil content. This is, 
of course, indicated on the guarantee. 

One final word on fish meals concerns salt. Since there is an upper 
limit to the desirable salt (Nad) content of animal, and especially 
of poultry rations, the salt content of fish meals is sometimes a factor 
limiting their usefulness. The Canadian law requires that the per- 
centage be specified on the tag if the meal carries more than 4% by 
weight of salt. 
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Vitamin and Mineral Supplements 
and Miscellaneous Additives 


WE HAVE DISCUSSED the basal feeds and the protein sup^ 
plements largely by types as to major nutritional characteristics o ^ 
ever, in the preparation of modern livestock rations, it is often e 
pedient to employ one or more products as sources of certain nu 
ents or because of certain desirable characteristics they may 
to the ration, products that may not be feeds in the usual 
this term These include vitamin and mineral supplements as 
as products such as flavors, binders, drugs, antibiotics, animal 
etc Generally speaking they have unique uses and hence must 
dealt with individually 

Vitamins 

Units of Potency. The presence in edible materials of a number 
of nutnent substances needed for the survival and continued hea 
of animals was discovered long before their chemical nature 
learned They were given the general name Vitamins and the dil e 
vitamins were identified by letters, as Vitamin A, C, etc The potencj 
of a foodstuff with respect to any one of the first few vitamins ^ 
covered was originally expressed in terms of Units In order 
different research workers could correlate their findings, Intematio 
Reference Standards for a number of vitamins were agreed on agmn 
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which to measure vitamin potency of foods and with which to express 
the daily need of animals 

Today the needs of animals and the potency of foodstuffs as to a 
vitamin are usually expressed in terms of weight (milligrams or 
micrograms), though the use of units of potency is still common in 
referring to Vitamins A and D, and also occasionally in referring to 
Bi and We have thought il desirable, therefore, to define at the 
outset the International Standards and International Units of Potency 
(i u ) for these four vitamins 

Vitamin A The international standard for Vitamin A is pure 
crystalline Vitamin A acetate The international unit (i u ) is 0 344 
micrograms (ng ) of pure Vitamin A acetate, which is equivalent to 
0 3 {j-g of Vitamin A alcohol The Canada Reference Standard con- 
tains 10,000 1 u of Vitamin A in each gram It is distributed in cap- 
sules, each capsule containing 2,500 i u of Vitamin A The U S 
Pharmacopoeia (U S P ) Reference Standard is the same as the Can- 
adian Reference Standard, and the U S P unit is the same as the 
International Unit 

Provitamin A or Carotene The international standard for caro- 
tene IS a sample of pure beta carotene The international unit for 
provitamin A is the Vitamin A potency of 0 6 jxg of the international 
standard (This is equivalent to I 0 pg of mixed carotene found by 
analysis ) Hence 0 6 jtg pure beta carotene, or 1 [ig mixed carotene 
is equivalent in Vitamin A activity to one i u of Vitamin A 
Vaanun B\ The international standard of Vitamux 
s>nthetic thiamin hjdrochlondc The lu is the potency of 3 |ig 
(-000003 grams) of thiamm hydrochloride 

Vitamin D This is pure nbofli\in and requirements are usually 
expressed as micrograms per day If expressed in Bourquin-Shcrman 
units figure 400 000 units = 1 gram ribofinvin 

Vitamin D The international standard for Vitamin D is pure 
crystalline irradiated 7-dchjdrocliolcstcrol (Vitamin D,) One lu is 
0 025 Jig of tlic international standard TIic U S P Reference Stand- 
ard IS a solution of ilic international standard containing 400 i u in 
each gram of solution 
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Roughly equivalenf to about } total needs of the young animals (except for Bit). 
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Characleristics ot Vitamins. Insofar as the vitamins as a group 
are concerned, some useful mformation has been assembled 
13-A 

Alfalfa and Grass Meals. Becanse of the variability of 
ages m Vitamin A potency, and the frequent use made of such 
as Vitamin A sources, we have thought it desirable to com 
ther on Alfalfa and Grass Meals 

Sun-cured and dehydrated greenstuffs. such as alfalfa a 
grasses, are widely used in commercial balanced rations as 
of Vitamin A Average analyses indicate that dehydrate pro 
range in Vitamin A potency from 168,750 i u per pound o . 

1 u per pound, whereas sun-cured meals are highly 
usually inferior In terms of replacement, 8 pounds of freshly pr 
essed dehydrated alfalfa meal, e g , containing 75,000 i u ot 
mm A per pound, will provide the Vitamin A equivalent o 
pound of 1386A feeding oil Since carotene m these meals deten ^ 
ales with age, particularly m hot weather, it is important 
practical standpoint to calculate the Vitamin A unitage upon 
content by analyses at the time of mixing This calculation wi sa 
guard the Vitamin A level of the ration where the fullest economy 
the Vitamin A activity of dried greenstuffs is sought 


Vitamin Bu. This is one of the more recently discovered 
and because of its peculiarities we have considered it in more 
than could be included in Chart 13-A 

After several years of research by many laboratories, the vitamin 
like substance known to be present m a number of feeds of ani 
and marine origin, and that was responsible for spectacular incr ^ 
in the growth of >oung animals when these feeds were in the 
has been identified as Vitamin Bj-, It is peculiar m that it appears ^ 
be solely a product of bacterial synthesis It is absent from p 
materials Its presence m animal tissues is a consequence of s^or 
b> the animal before slaughter Its presence m such feeds as tan ^ 
or fish meal may be from bactenal activity in these products 
lowing manufacture It develops rapidly in fecal material, and t 
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eating of feces by pigs and poultry is undoubtedly one important 
method of their obtaining it. It is synthesized by rumen and caecum 
microorganisms and thus is available to adult cattle, sheep, and 
horses. The effectiveness of B 12 supplements in rations diminishes 
as the ration to which they are added contains increasing amounts of 
such feeds as meat, fish, or milk. It is probable that in some cases 
the quantities of tankage and fish meal previously believed desirable 
can be reduced, provided some B 12 is added from another source. 

Many older recommendations, based on both practical and experi- 
mental evidence, have called for 20% of the protein for pig and 
poultry rations to be of animal origin. This percentage is thought to 
be higher than necessary to meet the amino acid demands. Using 
one-half the previously recommended combination of meat and fish 
products in a typical young pig or chick ration should supply roughly 
half the quantity of B 12 believed needed in such rations, and will also 
result in sufficient amino acid correction to balance the plant protein. 

Thus there is the probability that the supplementary addition of 
enough Bi 2 to supply about half the total need will be a useful addi- 
tion to rations intended for young animals. While the requirements 
of these animals are not accurately known, we have evidence that it 
is not far from 16 milligrams B 12 per ton of ration, if the meat and 
fish are being used in the amounts indicated. Typical samples of 
meat meal or feeding tankage are tentatively reported to carry a 
potency of 0.09 mg. pec pound of dry substance. Fish meals may 
carry double this quantity. 

Minerals 

With the increasing use of mineral supplements in the rations it 
seems advisable to indicate the more common supplementary sources 
of these nutrients together with notes concerning them. This infor- 
mation is summarized in Table 13-1. 

The Fluorine Problem. The fluorine hazard in livestock feeding 
for practical purposes relates only to the consumption of rock phos- 
phates and phosphatic limestones. Consequently, the starting point in 
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TABLE 13-1 Summary of Sources of Minerals and Their Potent 


Common Source 

Compos t on 
or Potency 

Remarks 

Feed ng bone meol 

23% Co 

Contan. also 20% prote n and 11% 
phosphorus 

ol>o 7% P'”"" 

Feed ng bone meol 

32% Co 



phosphorus 

Bone char 

22% Co 

Como n, olio 1 1 % pho.ptoro* b.l «> 

tn Co phosphate 

38% Co 

20% P 

d Co phosphate 

23% Co 

20% P 

mono Co phosphate 

15% Co 

17% P 

Eplpme .■ 1 iPly to b' cfibopaf 

mognesium 

Ground 1 mestone 

24 36% Co 

Calcium carbonote 

40% Co 

ifT 

Oyster ond other 

38% Ca 

Shells eonto n on the overoge 96/b 

mar ne shells 


CoCOs 

s Bone meals ond Co 
phosphotes 

See above 

r S«.k pho.pb.lp . 75 80% tr 

Rock phosphate 

14% P 

■< phosphate Not odv sed unless uipUf 

i. onteed to eonfa n less than 1% 1*''®^ 

Deftuor noted reck 

20% P 

Should not contain more then 1 P 

phosphate 


ftuor ne to 100 parts phosphorus. 


Potasivni led de 
Sod om lodde 
Poieis urn lodele 


76% I 
84% 


111 

%lj 


Tlie potojtum or tod um sell moy be 
vied interchangeably 
r Slab 1 zed lod ne should be 

\ Amount, of odne dffer but 02% 


Iren 

Ferre o*d. 

70% Fe 

Ord nery copperas eommerc ol 


Ferrous sulphate 

37% Fe 


Reduced iron 

80 100% Fe 

Moy be 20% ferr e o* de 

Cobalt 

Cebott sulphate 


May be adm n itered as a drench 
cobalt zed salt or as an ngred 




In the rat on 


f eateium these prodvefs or* useful In d red proport on to the eolciutn th*y 
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considering this problem is obviously the phosphorus requirement of 
the cow. This determines eventually how much supplemental phos- 
phorus may go into the meal mixture. The supplementary phosphorus 
needed will obviously be the difference between the cow’s total re- 
quirement and that furnished by her feeds, roughage plus meal. 

While it is true that good roughage consisting of at least half legume 
materials will contain about 0.20% of phosphorus, poor roughage 
comprising relatively mature non-legume plants cannot be depended 
upon to carry more than 0.10% phosphorus. The feed manufacturer 
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Fir. 13-1. Pounds of phosphorus carrier needed in 1000 lb. meal mix- 
ture. 
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m designing meal mixtures and the supplements of minerak to go m 
them must be prepared for the poor roughage feeder m order th 

cases shall be covered ,^n,i,re 

We can calculate the probable supplementary phosphorus reqmr 
ment of a 16% protein dairy cow meal mixture by taking ce 
typical figures for size of cow, production, and roughage fed ( 
Table 13-2) 


TABLE 13-2 Supplemental Phosphorus Needed in 16% Frotei 


Milking CoH Ration 


Do ly requ rement 

Me ntenonce o( 1000 Ib cow 

10 

Pregnancy demondt 

7 

Product on ol 30 Ibi of 4% m Ik 

21 

Totot 

38 gromt 

SuppI ed do ly 

in 20 Ibt overogo rovghogo 

9 

In 9 Ibi meal before Mipplemenlat on 

19 

Supplementol pkoiphorvi needed 

In 8 tbt meal 

10 gmt 

In 1000 Ibi meoi m iture 

1250 gmi 

275 Ibi. 


The quantity of phosphorus supplement that must be inclu e 
Will depend on the percentage of phosphorus in the earner These 
amounts can be read directly from Fig 13 1 Example of a earner 
having 15% P, 18 pounds will be needed in a 1000 lb mix, or 3 
lbs per ton 

The next problem is that of the fluonne The Canadian Feeding 
SttiQs Act gives permitted tolerances m ready to feed meal rations 
for cattle of 0 009%, or 90 ppm of dry matter Ths is equivalent 
to 40 grams of fluorine in a 1000 lb batch of feed 

If the per cent of fluonne m the phosphorus earner is knov-m d d 
quite simple to calculate how much of such phosphorus supplement 
can be incorporated m 1000 lbs of a meal mixture so that the con 
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centration of fluorine will be 90 p.p.m. as permitted by the Feeding 
Stu0s Act. Fig. 13-2 shows that if 18 lbs. of a phosphorus carrier are 
to be used then it cannot contain more than 0.5% fluorine. If one 
had a phosphorus carrier with 0.8% fluorine then only 11.5 lbs. of it 
could be used per 1000 lbs. ration. 


% OP P^/OS'PHOaU^ CAPR/ZR 
1.0 1.5 2.0 2.5 3.0 



■POUNDS' PHOSPHORUS CARR/SR PER 1000139. MEAL 
MIXTURE TO RES'ULT lU 90 P.P.M. PLUORU/E 

Fig. 13-2. Maximum pounds of phosphorus supplement ''tolerated'’ in 
JOOO lbs. of meal according to fluorine content. 

From these charts and further calculations we can make the 
following statements: 

1. If the phosphorus carrier is restricted in amounts needed to 
meet the usual supplemental requirements, such carriers analyzing less 
than 0.2% fluorine can probably safely provide all of the supple- 
mental phosphorus of the dairy cow meal mixture. 

2. The maximum legal fluorine tolerance of 0.009% in the ready- 
to-feed meal ration insures safe meal feeding levels up to about 20 
lbs. of meal per cow per day — enough for 60 lbs. of milk. 
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Miscellaneous Additives 

Sweeteners, Binders, and Flavors. Sweetening agents such as mo- 
lasses, dextrin, and sugar are often found in meal mixtures, an an 
tastic claims have sometimes been made as to their benefits os 
such claims can be written oft as sales talk and seldom ongma 
from experiment stations Sweet taste does not appear to be o an^ 
significance either in coaxing animals to learn to eat dry ra lo 
more quickly or m getting larger feed intake 

There may be some difference of opinion as to whether mo 
IS a basal feed or whether it should be classed as a special pro uc ^ 
Its nutrient contribution to the ration is sugar (The iron con 
of molasses is not usually of importance m the ordmary use ® 
feed ) Its protein is negligible and it contams no fiber or fat O vi 
ously this product is not freely mterchangeable with other fee o 
the basal category 

Its more important contributions to the ration are due to its p y 
ical properties Because of its sticky nature it tends to reduce the dus y» 
powdery nature of some finely ground feeds In this role ° j 
makes a feed mixture more acceptable to livestock It is doubt u 
the sweetness of molasses stimulates feed intake mitially, but once 
accustomed to a sweetened ration animals for a time may not re 
unsweetened rations The effect of molasses in reducing dustiness 
can be obtained by slight moistenmg of a powdery feed with water 
But this IS only effective at the time of feeding, since the feed dries 
out on standing Molasses, on the other hand, can be incorporate 
in the commercially prepared ration, does not adversely affect stor 
age if not used in excess of about 10% by weight, and results m 
dust-free mixture acceptable lo animals Such mixtures more often 
than not contain products that may be powdery, and heavy, as well as 
being present in tace amounts only The problem of maintaining 
homogeneous mixture in such cases is sometimes simplified b> t 
inclusion of 5-10% of molasses If the feed is to be pelleted t 


molasses or dextnn helps to form a durable pellet 

But molasses has another advantage, because of its distinct flavor 
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and aroma, it tends to mask or to dilute the flavors of other mixture 
ingredients. Thus the reactions of animals to the bitter taste of such 
feeds as rapeseed oilmeal, or ground buckwheat, or weed seeds; or 
the dry tastelessness of ground hay or oat hulls; or the peculiar aroma 
and flavor of malt sprouts may be modified by molasses. This use may 
be all to the good or all to the bad, depending on whether we are 
knowingly trying to utilize low grade products or whether it is some- 
one else trying to disguise the presence of such materials in a ration 
in order to pass it off as being first quality. 

Molasses in excess of 10% of the mbcture invites the risk of pro- 
ducing a caked and perhaps moldy condition in bagged feeds. Ten 
per cent of molasses is enough to appreciably dilute the protein level 
of a mixture, and this dilution must be considered when this product 
is used either as an ingredient or when fed as a separate component 
of the ration, as when diluted and poured on poor roughage. 

In connection with the problem of preparing durable pellets it is 
worth noting that sodium bentonite may be of real assistance. Added 
at the rate of 2% to a ground feed or mixture it is innocuous nutri- 
tionally but facilitates the formation of a hard pellet that withstands 
the handling and shipping to which commercial feeds are subjected. 

Feed flavors are available in wide assortments. They are usually 
essential oils, whose distinctive aromas will permeate the feed into 
which they are mixed. Their presence can be detected months after 
the feeds are treated. It is often claimed that use of a flavoring ma- 
terial will aid digestion and stimulate appetite. Animals in normal 
health and, for one reason or another not self-fed, will usually eat 
voluntarily more feed than feeders are prepared to offer to them. 
The use of artificial flavors in “balanced rations” therefore leads to 
the suspicion that the mixture contains unpalatable ingredients; and 
since all high quality feeds are palatable to the stock for which they 
are normally suitable, artificially flavored feeds are often suspect 
in the eyes of better feeders. 

On the other hand, veterinarians may use flavors to cover the taste 
and smell of drugs in some tonics. Such use of flavor, however, is 
quite a different problem, and of interest here only in cases where 
a feeder has been induced to feed one or other of the many patented 
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tonics or conditioners as a regular practice to prevent or to cure ail- 
ments real or imaginary, which he believes do, or may a verse y 
affect his stock , 

/I mifjioncj represent another class of “foodstuff” that must o y 

be considered in the formulahon of livestock rations The nature o 
the action on the animal of the various antibiotics (aureomyciOi 
terramycin, penicillin, etc ) as ration components is still not entire y 
clear It is presumed that they affect the nature of the mtestm 
microflora It is well known that their use often results m faster 
gams of young animals (see also Chapter 8) 

Many of the statements m the literature on antibiotics give erro 
neous impressions of the extent to which the use of these materia s 
can be expected either to increase the rate of growth of the animal or 
to improve the efficiency of the ration consumed A recent review 
of the published papers dealing with the use of antibiotics for swine 
showed that on the average the gains of young pigs can be expects 
to be increased about 15%, and the efficiency of the ration impro''® 
about 5%, due to the inclusion of one or other recognized antibiotic 
There seems to be no particular advantage m using over 9 grams 
of antibiotic per ton of feed Another interesting finding m this sur 
vey was to the effect that if fish meal is a component of the raiioa 
there may be no response whatsoever from antibiotic Presuma y 
this means that fish meal already contains as much of these sub 
stances as an animal is able to utilize efficiently 

The necessary labelling of materials supplying antibiotics for tec 
mg purposes is stipulated by the Canadian Feeding Stuffs Act as fol 
lows ‘ Antibiotic Feed Supplement is a feeding material used for 
Its antibiotic activity It shall contain a single antibiotic or combina 
tion of antibiotics having growth promoting properties The name ao 
amount of each antibiotic shall be declared on the label It shall con 
tain a minimum of one gram of antibiotic per pound ’ 

Drugs, especially arsenicals, are sometimes added to livestock ra- 
tions because of their “antibiotic-like” action In other cases sulfona- 
mides are employed m prophylaxis against coccidiosis {Sulfonamides 
are used only therapeutically with ruminants and swine ) 

Despite the fact of their approval and use in some countries, rbc 
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We cannot refrain from the comment that it would 
sensible and appear to be economically sounder to curtail e p 
non of excess fat on meat animals in the first place rather than 
try to salvage it by feeding it back to animal to produce, m 
more surplus fat. 
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Roughages 


General Characteristics of Roughages 

ACCORDING TO the dehnition adopted in this book roughages 
are feeds carrying more than 18% of crude fiber. In practice, most 
roughages are forages. In applied feeding, feeds of this classification 
are involved primarily (though not exclusively) in rations of herbiv- 
orous animals. With such animals they play a physiological role in 
addition to that of supplying nutrients. 

As with other feedstuffs, roughages can be partially described 
nutritionally in chemical terms. However, the concentration of many 
of the nutrients found in roughages is of minor importance in their 
use. For example, forages are good sources of several members of 
the Vitamin B family, but since the microorganisms of the digestive 
tract of herbivorous animals normally synthesize all of the B-complex 
Vitamins the animal needs, the extent of their presence in the forage 
is of no particular consequence. Insofar as the mineral nutrients are 
concerned, their abundance or relative deficiency in different forages 
is not ordinarily an important factor in the choice of forage fed. 
What is fed is what is grown, in the majority of cases, and the defi- 
ciency with respect to mineral elements is corrected by supplementa- 
tion in the form of mineralized salt licks, or by mineral fortification 
of the meal mixture, if such is also a part of the feeding program. 

Nor does the herbivor need to depend on the ration for any par- 
ticular assortment of amino acids, though there is a minimum of 
protein equivalent required. Here, again, microorganisms of the di- 
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gestive tract synthesize all of the ammo acids needed by the ^st 
animal, apparently requiring only a source of nitrogen and of carbon 
from the host’s ration 

In the final analysis, therefore, rou^age is likely to be econom 
ically and nutritionally important m the ration as a source of bu , 
energy, and protem, and the final Umiitng factor in its niitntiona 
^allle IS Its available energy yield 


Concentration of Nutrients in Roughage. Compared to concen 
trate feeds, most roughages on a dry matter basis yield no more than 
three-quarters as much energy (TDN) Hence the nutritive picture o 
roughages when measured against animal requirements is often o 
scured Fig 14-1 is an attempt to depict the digestible protein, cal 
cium, and phosphorus concentration in roughage as compared to 
that needed in the complete ration of an adult cow The numeric 
values of the index of concentration were obtained by dividing the 
pounds TDN required daily by the cow into the D C P (lbs ). t''- 
calcium (gms ), and the phosphorus (gms ) required The quotients 
were then multiplied by 1000 for protein and by 100 for Ca and P 
The resulting figures have no significance in themselves but if 


calculate corresponding figures for some feed, comparison 


of the 


indexes for the requirement and the feed will tell the extent to which 
that feed would meet protein, Ca, and P needs of the animal i! 
enough of the feed is eaten to meet the TDN requirement Such 
indexes have been calculated for five types of roughage 


1) Tjpical mixed grass pasturage at an early matunty stage 

2) Excellent red clover hay of less than 26% crude fiber 

3) Low quality ovempe clover hay 

4) Excellent early bloom timothy 

5) Low quality fully mature timothy 

We can see from Fig 14-1 that, except for low grade non legume 
hay, either fresh growing pasturage or cured hay will carry enough 
protem for maintenance of dairy or beef cows if they will consume 
enough of the forage to fully meet their maintenance energ> needs 
Howeser, the milking cow, under the same conditions, will be shod 
of protem c\en on a good non legume hay As to calcium, only Ic'^ 



Roughages - 287 


* 

u. ^ w 
5 SS 5 s . 
g 5 gSS|| 

c 2 t ?i tj ^ <i 
^ ^ K \S ft. ^ ^ 


i s fe § 'V 
n^|S : 

^ ^ S <» ft. ' 

. I 



D/G£STfBlS 
CnUD£ PROTfJfJ 


^ II 

n* 

? g h 5 § 

5 ;; K '“ i« < ? 

; S £ g ^ g g 

i j u cs a 3 5 

Is^SRSS 




PHOSPHORUS" 


Hr. 14.1. Showing concentration of protein, Ca, and P, relative to TON 
in Rotighogex. 

grade non»Icgumc hay is dcficfcnt relative (o liic energy of the forage. 
With plio'.phoriis, ho%scvcr, none of the roughages considered is ade- 
quately supplied. In practice, this deficiency means iliai the milk 
cow meal ration will alwass require supplcmentars’ pliospliorus (and 
salt); hut since nil sources of phosphorus also carry calcium, the 
rclatisc shortage witli low qu.nhty roughage will he made gootl 
through the phosphorus carrier. Some augmentation of protein will 
base to lx arranged where non-legume hav is fed. 
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Significance ot Energj of Roughage. In the final 
major factor in the use of roughages as feeds for milking co » 
therefore, how much roughage will the animal consume ^ 
her energy needs'^ To the extent that less roughage is eaten 
necessary to meet energy requirements, meal feeding will be ca e 
The concentration of nutrients of such a meal mixture w epe 
both on the quantity of meal to be fed and on the specific nu ne 
It must furnish , . ^ 

It is interesting and significant to note that Dr Folke ar o ^ 
National Animal Experiment Station, Royal Agncultural Co egs 
Ultima, Uppsola, Sweden, uses the concentration of available eoe^ 
(as starch equivalent) in 100 lbs of dry matter of roughag 
figure somewhat comparable to % TDN — as the mdex of rougna^ 


ugurc bumcwiiai v.uiiiyaiaut«. w /v , 

quality He states, ‘ The highest possible use of forage (pasture, o 


nary hay, dehydrated hay, and grass silage) will depend 
concentration ratio of this forage m relation to the 
ratio of other feeds (as concentrates) Protein content of forage n ^ 
not be a limiting factor in its use, because the protein content o 
concentrate mixture can be varied almost at will the concen 
tion ratio is the limiting factor in feedmg large quantities of forage 


high yieldmg cows • 

This way of thinking about roughages — that they are pnman y ^ 
use as sources of available energy — puls a somewhat unort o 
interpretation on the generally used classification of the hundre 
individual products having sufficiently different proximate ana > 
and/or botamcal characteristics to be listed as different feeds 
cow does not care which one she eats, then, m the mterests of si® 
plicity and realism, we might belter classify roughages on the b^' 
of their yield of available encr^ than on the basis of protein Be 
going further with this argument, however, we should look bne 
into the factors that influence the useful energy of roughages 


Form in Which Roughage Is Fed 

Whether or not we can consider pasturage, silage, and dned for^ 
of the same plant as nutritionally equivalent on a dry basis is ® 

* Proceedings Sixth International Grasslands Congress V 11 p 
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cated by data taken from Morrison’s tables of feed composition. 
For products made from comparable alfalfa he gives figures as 
follows: 



TDN 

DCP 

Fed green 

60.7% 

14.2% 

Sun wilted silage 

58.7 

12.2 

Molasses silage 

60.2 

12.7 

Sun cured hay 

56.1 

11.1 


These figures suggest that in the harvesting of hay, losses occur which 
reduce the digestibility of the final product. Moore and Shepherd 
have summarized studies at the Experimental Farm of the U.S.D.A. 
at Beltsville, Md., from which it appears that for field-cured second- 
cut alfalfa, one may expect from the condition at cutting to the 
condition as fed, percentage losses of: 

Leaf 35% 

Dry matter 20 (including leaves) 

Protein 29 

Stemmy Hay. These figures do not mean that such hay will be 
“all stem.” If as cut the crop carried 55% leaf by weight, the hay 
as ied would carry 34% of leaves and 66% fine and main stem. 
This proportion is about the leafiness of excellent clover hay. 

These losses actually reduce the TDN of the hay as finally fed 
much less than we might suppose. If we assume that the crop as cut 
carried 55% leaves, and if wc use a TDN typical value of 57% for 
alfalfa leaves, and of 43% for alfalfa stem meal we can calculate: 

(55 X 57%) + (45 X 43%) = 50% 

as the expected TDN for the hay without any loss of leaves. Similarly, 
wc might calculate for the crop after 38% loss of leaves: 

(38 X 57%) + (66x 43%) = 47% TDN 

Leaf loss will also involve a loss in digestible crude protein, but 
this can be made good, if necessary, through the meal mixture. And 
thus one is forced to the conclusion that while a 20% loss in dry* 
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we,Eht m the harvesung of hay may be 

change m energy value per pound of feed may ^ ^ 

amounts to something like 6% in the example case This sma 
because most of the energy from the roughage comes from c 
or hemicellulose, which is not reduced in proportion througn 

harvesting losses u , or*, not 

The facts are that the energy values of poor quality hay 
enough below those of good hay to be the major cause of t e^ 
results so often obtained in practice with poor hays (see Ta e 

TABLE 14-1 Per Cent of TDN in Good and Poor Hay (9^^ 
dry matter basis) 


AUolfa 

Clover ofld timothy 
Tmolhy 


Recent cxpenmenis indicate that a part of the cause 


of the poo' 


results with low quality hays is traceable to their failure to 
a maximum microflora in the rumen As a consequence diges 
of crude fiber suffers The more serious effect, however, is a secoo ^ 
ary one as rumen microflora activity declines, roughage ^ 

declines Since a cow obtains from half to practically all her 
from roughage, any decrease in consumption is serious 

Perhaps we have said enough about the peculiarities of rougha 
to establish the fact that the feeding value of forages, and m particu 
lar of hays, depends very largely on the quality of the product 
ever, the term quality is often purely relative, and it ma> be 
this pomt to consider briefly the problem of hay grading 


Hay Grading 

For those products that arc composed essentially of one kmd ° 
plant, the name (such as timothy, alfalfa, clover) is quite definite 
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Its meaning However, there are other names used for hays that are 
much less specific Grass hay, for example, includes all of the grasses 
made into hay other than those that are named according to species 
Thus, for example, grass hay may include edible sedges and rushes 
as well as the mixtures that are sometimes harvested from permanent 
pastures or from meadows that have been unplowed for some time 
and which have reverted to the combination of indigenous plants of 
the area 

Mixed hay is a catch-all term and includes all mixtures that consist 
at least 50% of plants for which standards have been separately 
established Thus, for a product that was 52% timothy with the bal- 
ance made up of other grasses, the term mixed hay would likely 
apply Sometimes mixtures are given specific names such as “mixed 
clover and timothy” or “mixed alfalfa and timothy”, and such terms 
apply particularly where such mixtures were intentionally seeded 
Within such names, grades are established to describe the quality 
of the product The particular numerical rating of different grades is 
of no consequence to us at the moment It will be interesting, how- 
ever, to note those factors that determine the grade or quality of the 
different hays 

One of these is color It is generally assumed that green color is 
an indication of the feeding value of a hay The presence of a large 
amount of green color usually indicates that the hay was cut early, 
was properly cured, will be palatable, and that it is free from dust 
and mold In many cases also, the intensity of green color is corre- 
lated with the amount of carotene present in the product 

Livestock feeders frequently question whether as much dependence 
on color as an index of quality is justified as graders imply Re- 
cent evidence indicates that the preference of cattle for different types 
of hay docs not seem to be correlated with color, and v.c know that 
the preference of cattle for forage is a reasonably good index of its 
energy value 

The extent of the foreign materia! in the hay is another factor 
in grading for quality Foreign matcnal includes weeds, grain straw 
stubble, thistles, etc, most of which Ins little or no feeding \aluc 
Feeding tests at the U S D A indicate quite clearly that the proportion 
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of hay refused by cattle is correlated with the extent of the foreign 
material in it The cattle refused almost twice as much of the ofiete 
hay in grades that contained appreciable quantities of foreign materia 
as they did of the same sort of hay containing relatively little of sue 
admixtures , 

Leafiness is a gradmg factor in all classes of hays Leafiness is use 
as a grading factor because it reflects the protein content of the hay 
Leaves contain from two to two and a half times the concentration 
of protein as does the stem of the same plant This is true regardless 
of the kind of plant It is the leaves also that are richest in carotene 
calcium, and phosphorus Leafiness is much dependent on the stage 
of maturity of the plant when it was harvested The more mature t e 
plant when cut, the more easily are the fine leaves lost m handling 
Consequently, it is generally true that hays harvested from plants cut 
at a relatively immature stage will retain a greater leafiness m t c 
crop as fed than will plants cut when more nearly ripe 

On the other hand, stage of maturity, though it does have a con 
siderable influence on the feeding value of hay, is not normally a 
factor included in gradmg hay It has been assumed that leafiness a 
color, which are affected by stage of maturity, thereby become m 
direct indices of maturity of the plant at cutting time 

Actually an idea of the maturity at which most of the grasses 
were cut for hay can be rather easily determined If the portion of th® 
stem above the top joint can be pulled out easily from the sheath an 
the lower part of this portion is found to be dark because it 
tender and still growmg when cut, the plant was cut before bloom 
In the development of the grass, growth takes place at this point unti 
just before it begins to bloom If the top portion of the stem can 
not be pulled out, then the matunty can be determined by rubbing 
the heads m the palm of the hand and examining the maturity of the 
seed Unfortunately, there is no satisfactory way of determining from 
the cured hay the stage at which the legumes were cut Sometimes 
evidence can be found m the presence of flower petals that sbov/ 
color, and in the case of very late cutting, the presence of seed po ^ 
Maturity affects the protein and the fiber content of all kinds o 
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hay, the protein content decreasing and the fiber content increasing 
with advancing age. 

Though potentially useful, hay grading has never been much 
depended on by feeders to describe quality of roughage. In practice, 
feeders commonly refer to their hays as good or poor. These terms, 
as thus used, are relative, and are often employed to compare samples 
without reference to the excellence of either one in respect to feeding 
value. Thus, two lots of hay may both be of low feeding value but 
one still referred to as good as compared to the other. It seems in 
order therefore to define what constitutes good hay in terms that 
have some significance as to feed value. 

What Constitutes Good Hay 

Maturity at cutting. As we have already indicated, maturity at 
cutting is a most important factor in hay quality, and we cannot too 
strongly emphasize that, regardless of the species of plant, the best 
quality hay can be made only from a crop cut well before maturity. 
The reason that stage of maturity is such an important factor in 
hay quality as we pointed out is that it determines the proportion 
of leaf to stem present in the product. The stems of forage plants 
are invariably of low feeding value. Every feeder recognizes that 
straw, which is almost entirely stem, is of low feeding value, while, 
on the other hand, cereal grain crops cut before much stem develops 
can be made into excellent hay. 

The rapidity with which the stem increases with maturity is such 
that a delay in cutting of only a few days may actually mean a large 
loss in feeding quality of the hay made. This is strikingly illustrated 
in data from experiments at Macdonald College shown in Table 14-2. 

It was worth noting that in the 1 1 days from the time the heads 
were forming to the early bloom stage there was a 33% increase in 
the weight of coarse stems in the crop, and a corresponding decline 
in the proportion of fine leafy material. 

\Vc should also point out that all shallow rooted crops used for 
hay arc likely to be at ideal maturity for cutting during a time 
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TABLE 14-2 Proportions by Weight oj Leaves and Sterns m Hay 
From Red Clover According to Stage of Maturity When 


Sloge of maturity 

when cut 

Days between 

aloget 

^ leovei and 

fine ttemi 

^ mam 

jtem 

Prebudd ng 

Budding 

Eorly bloom 

Full bloom 

Heodt brown 

5 

11 

10 

le 

75 

51 

34 

30 

25 

25 

49 

65 

70 

75 


when there is poor curing weather We should expect this result 
view of the fact that the very thing that makes for high feeding va ue 
m these hay crops is surfai^ moisture As soon as the moist con i 
tions change to drier and warmer ones, the production of new 
ceases and the plant starts to make stem and seed It is this situatio^ 
which IS behind the justification for the use of grass silage or 
artificial drying schemes as a means of preserving the high e 
value of forage crops raised on the farm 

In connection with the hay grading schemes that are used, 
pointed out that stage of maturity is not one of the factors dire 
considered There is doubless justification for ignoring this 
in the case of hays to be sold commercially, but most of the hay 
to livestock is grown on the farm where it is fed Consequently, thcr 
IS no problem m knowmg the stage of maturity of any particular ha> 
From the farmer’s standpoint, stage of maturity becomes a particu 
larly important criterion of when to cut his hay crop It is also 
index of the quality or feeding value he can expect m the 
product 


Kind of Plant. Legumes can be made into hay of higher feedin^ 
value than gram plants or non legume grasses The reason is almos 
entirely the difference m proportions of leaf to stem The 
tender leaves of all common plants used for hay are appai’^ti^^'^ 
about equal feeding value for herbivorous animals Legumes, ho^ 
ever, have more leaves per pound of dry plant than grasses At t 
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stage of maturity necessary for the best hay, the leaf in timothy is 
about 30%, in clover 40%, and in alfalfa 55% of the dry weight 
of the plant 

Mechanical Losses in Curing. A third factor in the quality of hay 
IS the loss in curing We have already pointed out that this loss, m 
terms of percentage, is sometimes more important economically than 
nutritionally It is nevertheless true that the parts of the plant lost in 
greatest quantity are the leaves, and since this loss is one factor in 
determining how much of the crop will be eaten by livestock, it obvi- 
ously affects the quality of the hay 

Good Hay Defined. In order that the feeder may have some prac- 
tical basis of judgment in evaluating the quality of his hay, the fol- 
lowing might be used as a standard for good hay It is expressed m 
terms of the proportion of leaf m the total weight of the dry feed 

Timothy 28% leaves 

Clover hay 35% “ 

Alfalfa hay 50% " 

In addition to being leafy, good hay should be cut in the very 
early bloom stage, cured rapidly, and taken into the barn without 
being wet Such hay will be of high feeding value, because it will be 
rich m protein, high in minerals, high in Vitamin A, but, above all, 
the energy yield will be maximum for the type of feed in question 
Hay that does not meet these specifications will not be top quality 
from the standpoint of nutritional value, regardless of any other 
considerations 

Low Grade Roughages 

What we have said so far applies to crops fed as pasture, grass 
silage, or the ordinary hays There is, however, another group of 
roughages, which, while not of as much importance as hay or silage, 
nevertheless represent a type of feed which is often available on the 
farm, and though of low energy value is fed as a means of making 
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some use of it Such roughugc B not ordmanly fed “ 

Stock Indeed, it is often made available m stacks or racks o 
cattle on maintenance rations have rcad> access The fee o 
group are not important in determining the nature of a suila e m 
mixture (if any) to be fed also to such animals 

In this subgroup there will be some of the poor quality hays ma 
from miscellaneous grasses and often badly contaminated with 
Some hay crops that have matured to the seed stage will a 
involved, as well as some praine hays Standing still below t 
will come the straws made from the cereals, threshed hays, and ) 
the sedges and swamp grasses that are harvested in some cases as 
means of having roughage of some sort available under a ver^ 
conditions The best of the products in this low energy group yi^ 
only about three-quarters as much energy per pound of dry ma 
as do the standard roughages, and some of them may be even o 
m relative value None of them can be depended on as 
Vitamin A and usually the protein content will be almost neghp 
— perhaps 1 or 2% of total crude protem 


Lignification, These low energy roughages are not necessa > 
low in cellulose or hemicellulose, m fact they are likel> to be hi 
m crude fiber than the standard hays or silages The chief reason 
their low feeding value, in most cases, is traceable to a lignificatioD 
the cellulose It is believed that lignin is a protective coating 
down m the plant structure m association with cellulose to gi''® 
rigidity and durability Lignification starts after the growth m a gi'®® 
part of the plant ceases In other words, it is one of the changes 
occur m the plant structure with advancing matunty Expenmeo^^ 
have indicated that lignification starts at the bottom of the stem 
and proceeds upward, following along behind the areas that have 
ceased to grow 

Lignm contains a phenolic nucleus, and it is perhaps this featur® 
that protects it from bactenal attack Whatever the specific cause, «'® 
know that hgnified cellulose is att^ked very slowly, if at all, by ^ 
microorganisms of the mtestmal tract Exammation of the residue 
roughages consumed by ruminants shows that the only particular 
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portions of the plant tissues that are found intact m the fecal material 
are those that stain with phloroglucmol, indicating that they are 
lignified * 

Not only do the stems of plants become lignified with maturity, but 
the leaves and the husks and even the hulls of grams as barley and 
oats are thus protected Some plants, such as coarse rushes and 
sedges that appear to have no stem distinct from leaf, are also 
highly lignified and, consequently, their cellulose is not easily di- 
gested by the animal 

There is no evidence that the Iignification of plant tissues is a 
deterent to their initial consumption It seems rather that the failure 
to consume such low-grade roughages in amounts equal to that eaten 
readily of high-grade forage is a reflection of the decreased activity of 
the microorganisms of the rumen (and of the caecum, where the 
caecum is functional) Whatever the cause, there is no dispute among 
feeders that livestock consume high quality fodders better than low- 
grade roughages 

Some improvement m the consumption of low-grade roughages 
appears to be possible by supplementing such rations with additional 
protein and with a mineral mixture It is believed that such supple- 
mentation provides nutrients that arc deficient or unavailable in the 
roughages, but which arc required for the full activity of the micro- 
organisms Under such supplementation it has been found possible 
to obtain about as mucli TDN from some of the low-grade products, 
such as com cobs and straws, as is obtained normally from average 
qualit) Iny Wc do not know the extent to ^^hlch this represents 
a more active attack on the roughage b> microorganisms, except b> 
inference 

An Energy Classification of Roughages 

If wc attempt to group roughages according to yield of avaihble 
cncrg> (TDN) wc find that pmcticallj all of the well-known ones 
cm be fitted into one or another of six subgroups that differ in units 
of 5*^ of TDN (see Chart 14-A) Wc can give an indication of wlnl 

• See Draptla et al Scl Agr V 27,p 36(1947). 
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CHART 14-A Classification of Roughages on an Available Energy 


Basis 


% TON 
(air dry bans) 

Average daily 
votunlory intake 

per 

100 lb wt cow 

Foragei (lb») 

Probable special 
supplemenfalio" 
needed for 

producing 

animals 

60 65 

Well graxed oetively growing pattvr 

age 

3 0 or more 

phosphorus 

55 60 

Hoy crop iiloger, including cereolt com 
tilage (dough itage) 

30 

TDN • Phosphorus 

50 55 

Properly cut and horvejted hoy» from 
reawnably pure tlandtof allolfo, clover, 
timothy, or mixturet of them Average 
corn tilage 

2,5 3 0 

TON, Phosphorus 

45 50 

Hoyt from nearly mclvre ttondt of other 
wite tuitable hay erapt (tee obove) 
Dormant pasturage 

1 5 

TDN, Protein, 

Co + Phos 

40 45 

Hoyt from miscellaneovt grattet often 
carrying weedi Some hay cropt m teed 
Prairie hoyi 

lest than 1 ,5 

TDN, Protein, 

Co + Pho* 

35 40 

Straws from cereolt threshed hoys 
sedges ond swamp grasses 

less then 1 0 

TDN, Protein, 

Ca + Phos 


• For above average milk production 


products belong in each of these subgroups in general terms with 
sufficient accuracy for the practical use of our table We have also 
attempted to indicate the approximate voluntary consumption that 
can be expected by cattle according to the quality of the roughage 
Finally, v.e have included a column in which are noted major de 
ficicncies that are likely to need correction when the roughage con 
sists of one or more products of the group indicated 

In general, well-grazed pasturage, which is actively growing, will be 


Roughages — 299 


in the top energy class among the roughages; and insofar as energy 
yield is concerned such products may be the equivalent of some of 
the light bulkier grains such as poorly filled oats, or some by-products 
such as wheat bran. If these products are analyzed chemically, the 
pasturage will show a higher crude fiber content than the grains or 
by-products with which they may be comparable as to energy. This 
result merely illustrates the fact that in about 25% of the instances 
recorded in textbooks on feed consumption and utilization the crude 
fiber portion of the feed is higher in digestibility than is the nitrogen- 
free extract component. Consequently, it does not always follow 
that feeds with the higher fiber content are 'also lower in available 
energy. 

Forage belonging in this top grade is readily eaten by all herbivo- 
rous animals, and grazing dairy cows will consume up to 150 lbs. 
per head per day— equivalent to nearly 50 lbs. of air-dry feed or 30 
lbs. TDN. Obviously, such material requires no supplementation for 
average production conditions. 

Hay crop silages and com silage from, corn cut in the dough stage 
are but a little less valuable than the pasture herbage described above. 
Any decline in energy yield will be due to inclusion in the silages of 
a greater portion of stemmy lignified tissue. This material the animal 
normally avoids during grazing. Present day management recom- 
mends that not over half the total roughage for a milking cow be 
supplied in the form of silage. It is evident that replacing a part of 
the hay with an equivalent quantity of silage on a dry basis does 
not reduce the feeding value of the total roughage allowance. Actu- 
ally, there is probably more feeding value in one pound of dry silage 
material than there is in one pound of most of the hay crops fed. 

It is with feeds belonging in the next two categories that most 
of the feeding problems arise. These categories cover the majority of 
typical dr>' roughages that will be involved in the feeding of producing 
herbivorous animals — animals that require additional energy and 
perhaps additional protein beyond what the roughage allowance will 
supply. Category No. 3 will include all of the Iiigh quality hays made 
from legumes and also a few of those hays that arc made from early- 
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CHART 14-A Classipcation of Roughages on an Available Energy 


Basis 


% TON 
(air dry bas s) 

Average do ly 
volunlory tnfoke 

per 

100 lb w» ecw 

Forage* I'b* 1 

Proboble speod 

supplemenlof O" 

needed for 
produc ng 

onunols 

60 65 

Well grazed actively grow ng paslur 

3 0 or more 

phosphorus 


oge 



55 60 

Hay crop siege* includ ng cereols com 
stage (dough stage] 

30 

TON * Phosphorus 

50 55 

Properly cut and harvested hoys from 
reasonably pure stands o< ollolfa clover 
Imothy, or mixtures of them Averoge 
corn * lage 

3 0 

TDH Phosphorus 

45 SO 

Hays from nearly moture stands of other 
wise su table hoy crops (see obove) 
Dormant posturoge 

1 5 

TDM Prel*" 

Co + Pho* 

iO 45 

Hays from m icelloneous grosses often 

carry ng weeds Some bay crops in seed 
Prair e hays 

less than 1 5 

TON Proten, 

Co + Phos. 

35 40 

Sirows from cereals threshed hays 
sedges and swamp grosses 

less than 1 0 

ton Proten 

Ca + ehoi 


* For above average cn Ik prodv«t on 


products belong in each of these subgroups in general terms 
sufficient accuracy for the practical use of our table We have also 
attempted to mdicate the approximate voluntary consumption that 
can be expected by cattle according to the quality of the roughage 
Finally, we have included a column in which are noted major de 
ficiencies that are likely to need correction when the roughage con 
sists of one or more products of the group indicated 

In general, well grazed pasturage, which is actively growing, will be 
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in the top energy class among the roughages; and insofar as energy 
yield is concerned such products may be the equivalent of some of 
the light bulkier grains such as poorly filled oats, or some by-products 
such as wheat bran. If these products are analyzed chemically, the 
pasturage will show a higher crude fiber content than the grains or 
by-products with which they may be comparable as to energy. This 
result merely illustrates the fact that in about 25% of the instances 
recorded in textbooks on feed consumption and utilization the crude 
fiber portion of the feed is higher in digestibility than is the nitrogen- 
free extract component. Consequently, it does not always follow 
that feeds with the higher fiber content are also lower in available 
energy. 

Forage belonging in this top grade is readily eaten by all herbivo- 
rous animals, and grazing dairy cows will consume up to 150 lbs. 
per head per day — equivalent to nearly 50 lbs. of air-dry feed or 30 
lbs. TDN. Obviously, such material requires no supplementation for 
average production conditions. 

Hay crop silages and corn silage from corn cut in the dough stage 
are but a little less valuable than the pasture herbage described above. 
Any decline in energy yield will be due to inclusion in the silages of 
a greater portion of stemmy lignified tissue. This material the animal 
normally avoids during grazing. Present day management recom- 
mends that not over half the total roughage for a milking cow be 
supplied in the form of silage, 11 is evident that replacing a part of 
the hay with an equivalent quantity of silage on a dry basis does 
not reduce the feeding value of the total roughage allowance. Actu- 
ally, there is probably more feeding value in one pound of dr>' silage 
material than there is in one pound of most of the hay crops fed. 

It is with feeds belonging in the next two categories that most 
of the feeding problems arise. These categories cover the majority of 
typical dry roughages that will be involved in the feeding of producing 
herbivorous animals — animals that require additional energy and 
perhaps additional protein beyond what the roughage allowance will 
supply. Category' No. 3 will include all of the high quality hays made 
from legumes and also a few of those hays that arc made from early- 
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cut non legume hay crops Non-legume hay, however, in order to get 
into this category, will have to be exceptionally good for its type 
We should also place in this category average corn silage 

The fourth category will include in general the non-legume hays 
that might have got into the category above except for the fact that 
they were too mature when harvested to be as highly digested as they 
might have been earlier Here, also, should be classed what might 
be described as dormant pasture This will be pasturage available 
during the dry penods of summer when there is little growth, and 
also winter pasture, which really represents grasses cured on the 
root and harvested by grazing 

In the practical use of roughages the differences between categories 
3 and 4 will be more traceable to differences in the quantities 
animals will consume voluntarily than to differences in chemical com- 
position Here we note that whereas forages belonging to category 3 
will usually be consumed voluntarily by cattle at a rate from 2V4 W 
3 lbs daily for every 100 lbs of weight of cow, those of category 4 
are likely to be consumed m quantities not much exceeding 1 Vi Ihs 
daily per 100 lbs liveweight of cow It is this difference in the 
quantity consumed that is the major factor in determining the quan- 
tities of meal mixture that must also be supplied in order to meet 
the full energy requirements of producing animals 

With regard to the last two categories (5 and 6), we are normally 
dealing with a feeding practice intended primarily to maintain non 
producing stock over a winter penod, or at some other time when 
their energy requirement is relatively low These materials are nor- 
mally cheap and are fed as a means of converting them into some* 
thing useful Their efTicicncy is not a major consideration 

The significance of this energy classification of roughages will 
become more evident when the problem of meal mixture formulation 
IS discussed in a later chapter of this book 


Nutniional Liabilities m Forages 

We ha\c already noted the possibility of certain deficiencies m 
forages, and that m general the problem of deficiencies is not serious, 
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because it is usually economically feasible to make good deficiencies 
of mineral elements and of such vitamins as are needed by herbiv- 
orous animals through supplementary licks or by inclusion of the 
nutrients in meal mixtures that are to be fed with the roughage The 
problem is chiefly one of recognizing the existence of deficiency 
Ideas of what may constitute a deficiency may vary considerably, 
depending on experience m different localities For example, it has 
been tentatively recommended that copper be included in a mineral 
supplement at a level of 0 3% On the other hand, in certain peat 
soil areas of Southern Flonda, it has been found necessary to use as 
much as 1 25% copper in the mineral mixture to make good the defi- 
ciency in that locality Also, we should point out, that the concentra- 
tion of mineral elements m a mineral supplement must be related 
to the extent of the consumption of that mineral mixture Here we 
have the problem of the voluntary consumption of mineral mixtures 
offered free choice, as well as the problem of mineral mixtures in- 
cluded in meal rations at a fixed concentration Obviously, if very 
small allowances of meal are to be offered to cattle, then we shall 
have to include liigher concentrations of minerals to meet a mineral 
deficiency than we would have to with more liberal gram feeding 
In the practical use of roughages in livestock feeding, it is probable 
that deficiencies of mineral elements can be rectified by proper sup- 
plements There are a few minerals found m forages that are bene- 
ficial when ingested m small amounts, but become toxic at larger 
intakes 

Arsenic is such a mincml, introduced into the ration in trace 
amounts it is a growth stimulant It has also been reported that as 
little as 25 p p m of arsenic m a ration maj counteract the toxic 
cfTccts of chronic selenium poisoning induced by tlie consumption 
of sclcnium-containing forages 

Fluorine* is another mineral dement that maj have both beneficial 
and toxic cflccts, depending on level of intake Insofar as the benefi- 
cnl intakes arc concerned, the levels arc certainly below 10 ppm 
on the basis of total dry matter of food consumed Ttic more serious 
problem with this mineral is related to its presence in forages in 

• See oho Chapter 13 
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amounts ot 30 40 p p m or greater It is ordinarily of 

being confined to areas in the vicinity of industrial plants 

° r»rvtiinn{T nrocesses 11 


fluorine is among the effluents from the 


IS not unusual to find forage in such areas carrying well over 
p p m of fluorine Experimental evidence indicates that adult ca 
can tolerate for at least 3 years intates up to 1 5 mg/kg of o y 
V. eight, and for rough figuring this suggests that forage dry ma 
carrying more than 50 p p m must be classed as unsatisfactory i sue 
material constitutes the entire dry matter intake 

Toxicity in this case must be carefully interpreted The a ve^ 
effects of excessive fluorine intake do not appear abruptly 
indeed, there may be no clear-cut symptoms that are unmista a ) 
the result of the fluorine ingestion Usually when cattle ingest ee 
carrying appreciably more than 25 p p m of fluorme there will 
tually be clmical symptoms of dental fluorosis Loss of enamel an 
tooth staining are regularly observed, the teeth may show uneven 
wear and in some cases become carious These symptoms are 
themselves of less importance than the disturbance in energy meta o 
hsm It seems probable that fluorine ingested in amounts 
than can be immobilized in the bone or excreted promptly m 
urine may become incorporated into one or more of the enzyme* 
involved m the Krebs cycle As one result, citrate cannot be meta o- 
lized to isocitrate Interference in this path of energy metabolism 
not only decreases the energy available from the feed consu 


but probably tends to lead to greater synthesis of acetoacelic 


acid 


some of which in turn may be converted to acetone for elimination 
Thus there is the distinct possibility that chronic fluorosis may 
one of the causes of secondary acetonemia In any case 
fluorosis appears to be relieved by removal of fluorine from 
ration, and symptoms of semi starvation induced by failure of enerey 
metabolism eventually subside What may be called acute fluorosis 
not normally induced by the consumption of fluonne-contammg f®^ 


Molybdenum toxicity must be considered m terms of the copp^*^ 
level of the diet The exact toxic action of molybdenum is unknown 
but the experimental evidence suggests that it in some way interfere* 
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with copper utilization, and that the final result is probably a disturb- 
ance m copper rather than in molybdenum metabolism Excessive 
molybdenum intake (16 p p m or more) is one of the few conditions 
that induces persistent scouring with ruminants 

Molybdenum toxicity in cattle has been prevented with forages 
containing up to 5 p p m of molybdenum by the administration of 
5 p p m of copper As the molybdenum content of the forage in- 
creases, the proportionate amount of copper necessary to counteract 
Its effects increases so that with 10 p p m of molybdenum, 20 p p m 
of copper IS needed 

Nitrates are sometimes found in some forages, particularly those 
made from cereal crops Oat hay, for example, having more than 
15% potassium nitrate will be toxic to cattle The toxicity is thought 
to be the result of nitrate becoming changed in the rumen to nitrite, 
with subsequent formation of methemoglobin 

Forages from a few areas have been found to contain selenium 
Any soils containing 5 p p m of selenium are potentially dangerous, 
as crops grown on them will also contain dangerous levels of this 
mineral The chronic condition of selenium poisoning is often referred 
to as Alkali Disease and the acute condition as Blind Staggers Any 
forage that contains 5 p p m of selenium fed over a period of time 
will result in chronic poisoning to livestock The mechanism of 
selenium toxicity is still unknown Experimentally it has been shown 
that the ingestion of small amounts of arsenic will counteract the 
effects of chronic selenium poisoning in cattle The problem, how- 
c\cr, IS one that must be treated carefully, and we can give no 
general recommendations 

Fortunately the problem of the presence of polentnlly toxic 
matcrnls in forages is not a general one, and, therefore, docs not 
concern the great majority of feeders who use roughages Those who 
mav be in hazard zones will, of course, be well-advised to familiarize 
thcmscUcs wiih the problems and treatments 

Practical Aspects of Pasture as a Feed 

On man> farms pasture forage is one of the cheapest feeds a\ail- 
.iblc during certain times of the >car There is much misundcr- 
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sundmg, however, as lo how best to use this feed A tew commenls 
may be usicful in this connection 

Young, rapidl> growing, leaf growth is rich in protein (a 
209c) As the plants mature the protein content drops unti 
dried grass may carry no more protein than straw. Heavy graang 
keeps the grasses immature and hence at their highest feeding va ue 
Pasture becomes too mature to yield its maximum value as soon 
as the plants begin to head out U such growth is mowed down, i 
will not be wasted, for grazing stock will cat it quite readily ^ o'' 
mg encourages renewed growth of leaves provided, of course, t ere 
IS moisture » 

The feeding value of pasturage is increased by the presence 
clover In some areas Wild white clover will come into man ^ 
permanent pastures if they arc grazed heavily enough to keep down 
the tall growing species . 

Young grasses and legumes grown on lands well supplied wi 
phosphorus usually contain enough of this nutrient for grazing nni 
mats when pasture supplies the entire ration The phosphorus con 
tent, however, declines with the maturity of the forage, which t e 
may not supply enough phosphorus for grazing stock In genet 
animals replenish depleted phosphorus stores while they ore 
pasture Consequently, it is desirable to feed a phosphorus-contam 
mg mineral mixture to all breeding stock while pasture is their pnn 
cipal feed Satisfactory consumption of such a mineral mixture 
assured chiefly because of its salt content Consequently, no o 
sources of salt should be provided 

In order to graze pastures more efficiently, rotational grazing 
in some form is a sound principle Even dividing the area into two 
portions and alternating from one to the other will permit alternative 
periods of heavy grazing followed by a short recovery penod 
tional grazing is of no value however unless the growth is kept down 
by close grazing 

Straw as a Feed 

Straw from the cereal grains, particularly from oats, is rendilY 
eaten by all classes of cattle and is, m some districts, a regualr 
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of the ration of low producing or dry cattle Its inclusion in produc- 
tion rations is often false economy because the net energy it will 
supply to the cow is small Its maximum value will be obtained 
by feeding it along with high quality legume hay In some areas it is 
customary to seed clover with a gram crop This practice results 
m appreciable amounts of clover in the gram at harvest time and 
eventually in the straw Such straw — really a mixture of straw and 
clover hay — has considerable feeding value and is quite a different 
product from the straw of a clean gram crop Used as one feed per 
day such material is probably equal to average timothy hay 
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SIIMIWARY OF SECTION 


In Section III we have been concerned with another part of applied 
nutrition — the nature of feedstuffs. We have seen how diverse they 
are; and in order to systematize our thinking about the concentrate 
feeds we have suggested a functional grouping for them based largely 
on protein content. Origin as to plant or animal source is also in- 
volved in a sub-grouping of some high protein products. The grouping 
according to protein is convenient and practical because one of the 
first considerations in ration formulation is protein level, which is 
attained in practice by selecting feeds in accordance with their pro- 
tein contents. 

Such a classification disregards the origin of most feedstuffs, and 
so we lose sight of the fact that plant seeds may yield, in the course 
of milling, several feedstuffs, each belonging to a different functional 
group. For example com, itself a basal feed, is the parent product of 
two other basal feeds, hominy and bran; and four protein concen- 
trates, gluten feed, gluten meal, germ meal, and distillers’ grains. 
Similarly, wheat yields the basal feeds: middlings, shorts, and bran; 
and the protein concentrates: germ meal and distillers’ grains. In 
neither case arc the basal feeds interchangeable with the protein 
supplements; whereas both the basal feeds and the high protein 
by-products of the one grain may be substituted for those of the 
corresponding classification from the other grain. The distinction 
as to origin may, in the case of some feeds, be significant, but more 
usuallu it is of little importance nutritionally. 
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This functional grouping by bnnging together feedstufts 
roughly similar purposes in the ration facilitates the prepara 
pattern formulae for meal mixtures SMlhm svhich a uide vane y 
dinerent feeds may be used alternatively to give combinations 
essentially equivalent feeding properties This, of course, 
mean that individual feeds of a particular category have no u q 
properties It means rather that broadly speaking basal ee s, 
example, are m the mixture primarily because of their energy 
tent and the protein concentrates because of their protein ro 
concentrates fall into two sub-categories, because those o p 
origin in general differ in ammo acid content from those o am 
source, and so on The special properties of the individua 
within categones may be of no nutnlional importance m some 
m others their limitations are minimized by using several fee s ^ 
the long run, however, if a feedstufi can be correctly assigne 
appropriate category in our feed classification scheme, it can be us 
in ration formulation without nsk of adverse consequences, 
though full information of its unique properties is not at hand at 
lime -ugj 

Roughages are distinguished from concentrate feeds by 
content concentrate feeds, in general, carrying less than 1 ® 
crude fiber Of particular importance with roughages is their ^ 
of useful energy, and thus TON becomes the basis of their 
grouping jyQC 

Therefore we can assign feedstufls to their appropriate main 
tional categories if we know their crude protein and their crude 
contents Information as to whether they are of plant or animal ongJ 
will enable further sub-classification of certam high protein 
centrate feeds Information as to the botanical makeup and the 
of maturity at harvest of a forage will permit a reasonable estimal® 
the probable TDN, and hence of the roughage sub-category to w 
It should be assigned 

To make the best use of different feeds requires that we koo^ 
as much as possible about their peculiarities and special character 
istics To this end we must ultimately examine each feedstuff 
in order to make the fine adjustment that in special cases may ma 
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Summary of Section III - 
one combination preferable to another. For up-to-date detailed 
description and performance of individual feeds the student must 
consult the scientific literature. Such information will not alter the 
basic concepts discussed in this text, but rather will make them more 
useful in the practical, albeit complicated, problems of tailoring 
rations to given specifications. 



ly RATION 

FORMULATION 


T 

M-lus section differs from the three preceding it 
in several respects Section I dealt specifically with the definition, 
and, m some instances, \\ ith the biological significance of a number 
of terms and expressions used m applied nutrition We tried to crys- 
talize the real meaning of such entities as TDN, coefficients of di- 
gestibility, proximate analysis, biological values, etc and thus to 
claiify their usefulness as descriptive terms The subject matter is 
important in its on/i right Precise understanding of these terms is 
essential to their correct application Failure to recognize their limita- 
tions, no less than erroneous assumptions as to their meanings, or the 
assignment to them of attributes which they iii fact do not at all or 
only in part possess, lead only to difficulties in applied nutrition 
In Section II we gate critical appraisal of feeding standards as 
quantiiatne statements of the requirements of animals for energy and 
for seieral of the nutrients which the feeder must consider in com- 
pounding Uxestock rations ObMousIy this is also of importance in 
Its own right M'lthout an understanding of the nature of such stand- 
ards and of the inherent peculianiies of the data they contain, ue 
cannot hope to make cither full or exact use of them in ration formu- 
lation 

Section III co\ered a third, and, again, a somewhat autonomous 
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part of applied nutntion—a constiteraiion of the nature of 
not 50 much of indiMdual feeds as of sroups of nulriuonalh sun 
products the members of ^^h,ch m feedim; practice are to ycto'ns 
degrees mtcrchangeable It uar m this section that some of me s 
ntficance of the discussions in Section I should ha\e become e\i e 
For example the choice between oats or barley for use in <J 
ration might depend on on accurate know ledge of any real iffere 
between them in their yield of useful energy to the animal " 
of the hmiiaiions of TDN as brought out in Section I it should 
clear that dependence excUtsixely on this measure as descripme 
the useful energy of these two feeds could lead to ill-adxised su st 
tutions Or again the discussion of forages should ha\c sene 
enjp/ia 5 ize the uncertainties of the proximate analysis in « i^e 
vi part as a measure of the nutritional xalue of many feedstufjs 
But It IS m Sertron IV that the facts figures and phdosop > ^ 
the three previous parts are integrated into our idlimate objecuxe 
the formulation of nutritionally adequate raiions or of feed 
of defined nutritive properties It is as components of such mixtu 
that most feeds are put to work Their selection and the 
their inclusion in mixtures xxiU o6vioi(5/>' depend in port on ix 
nutrients they contain and m part on what we need to proxide t 
animal with 

The translation of feeding standards into terms of ration formu 
IS not entirely straightforward because in practice xxe do not 
pare a days feed for one amma! Rather we attempt to dexise J 
mulae by which balanced meal mixtures can be made in 
and from wrhich individual animals can satisfactorily be fed by 
justing daily aI/c»Honc« to their energy needs To be practicable fo 
general use such formulae must be flexible enough to permit theU'^ 
accommodation to price and availability of feedstuffs while at 
same time retaining the necessary nutritive balance and adequacy 
The idea of flexible formulae is a departure from traditional mte^ 
pretation of feeding standards although in the commercial monu 
facture of balanced feed mixtures limited feed substitution has beeu 
common but usually on a second choice basis Particular considero 
lion of feeds in the light of their interchangeabdity m rations has tio 
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been usual m our teaching The idea of flexible formulae is an out- 
growth of the concept of nutritionally legitimate feed substitution, 
and hence it is not surprising that such formulae have not previously 
been emphasized Perhaps this "omission is one reason that the feed 
industry has felt that college courses in feeds and feeding have failed 
to bridge the gap fully between fundamental nutrition and practical 
animal feeding — at least in the sense that such courses have given 
little guidance in problems of ration formulation In Canada 85% 
of non-roughage feedstuffs passing through domestic trade channels 
finds Its way into commercially prepared mixtures for livestock and 
poultry feeding This amounted to something like 2^4 million tons 
in 1954 

In the United States the Feed Formula Industry was one of the top 
ten of the nation in 1954, and represented the processing of some 
35 million tons of feeds This does not represent as great a propor- 
tion of the total non-roughage feeds passing through commercial 
grain channels as is the case in Canada chiefly because of the large 
tonnage of corn fed out to hogs and/or cattle m the U S on the 
farms 't^here the grain uas produced In Canada the counterpart 
of U S corn is nulling wheat, the normal disposnton of which is as 
human food Nevertheless in the V S in 1954 30% of all concen- 
trated feed consumed by livestock came out of some manufacturers 
branded bag, representing 70% of the annual feed requirements of 
the poultry, 30% and 18% of the non-roughage feed of dairy cattle 
and of beef cattle respcctnel}, and 8% of the sntne feeds 

There is no doubt that ration formulation is an important part of 
livestock feeding Acceptance of alternate, with no implication of 
next best, choices between nutntionall) similar feeds m ration formu- 
lation attained full respectability in Canada with the adoption by the 
Quebec Provincial Feed Board m 1942 of the flexible formula as a 
method of presenting the Boards official ration recommendations 
and the sanction by the Canadian Feed Control Officials of guaran- 
tees by feed manufacturers containing such statements as "corn and/ 
or >i heat or linseed and/or so\ bean oilmeal ’ to indicate the possible 
use of alternate ingredients in their commercially mixed rations 
Inasmuch as no iwo natural feedstiiffs are identical in nutrient con- 
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num,,m ,n nm o„r leal mas hear hnle rrlaaon ""f’ . 


animal, II fallmss that in praclltr il n impracliaihle. ‘I " |j 

able to prepare a leeil iiiixliire. a apeeifieil qiiaiilili al “ 
ftocllv Iiieel ihe leeiline slaiutaril speelfieationi Inr sarne f’"' 
animal, lei alone niiiinlain llie nillrienl balance alien leet m 
lion! oeelir Himeser. lliere IS ample einlenee Irani priieliea I 
/nj: tlial minor etcesres as aell as flucluition^ al niilrieni m 
eillier Irani sarialioil in tiails inlal.e al llie same leetl misln 
Irani lesilanale siibsliliilioii! in larnililae, are Ineanieiliienliit la 
onimal On the other hatut, aUeration of the rnergs ctnuentm 
of the meal mixture throut,h feed suhstiiuiionx it prompilt ‘ 


ftj the animal timl the first himunp factor in the intercha 

of feeds Htihot a suh-caief,ory {Chapter 1 1 ) ts the extent < 


nw/«/ enerpy yield which would result 

It ts these facts that make tenable the whole scheme of 
for a proup of animals one common feed mixture To make sue 
a system work economieally there must be flexible formulae, »» 
they are formalh written or taciih practiced tn compounding 
mixtures The baste pattern of a feed mixture for some proup ^ 
animals is fixed by the needs of the animat <it detailed m the 
pnate fcediiut standard Ifut in the choice of the mdmdual feei ^ 
wtihm this pattern there can be lonm? decrees of latitude 
iiif! on nutritional and/or economic considerations The latter mas 
f’eneral and locally tmconirollable. or ihe\ may arise from the po ‘ ^ 
and internal economy of a particular feed manufacturer So lo’Ut 


the niitriiional mtegnty of the final ration is guarded the econonu^ 
considerations can be gixcn full pla\ xMihoiit prepuhee to the ff ‘ 


and ts usually to the iiliimaie adxaniagc of the purchaser 

Flexible formulae offer a simple means of stating the approp 
basic /or/nn/o pattern of in<//crfrint* the legiimuue choices of 
stuffs and of marking the recommended maximum and mtnini 
limits of use of each potential selection This section of the 
deals with these mailers 



CHAPTER 


Translation of Feeding Standards 
to Meal Mixture Specifications 


Animal Feeding Categories 

FEEDING STANDARDS state the daily needs of specified 
animals for some group of the recognized nutrients. Feeding prac- 
tice jequires that this information be translated into terms of meal 
mixtures and thumb rules of feeding. One of the first questions that 
must be settled then is — how many different meal mixtures are re- 
quired to feed a herd or a flock? This is the same as asking how 
many feeding categories there are for each class of animal? Swine 

market pigs plus four further categories of breeding stock. Dairy cat- 
tle arc described as to needs according to several groups, with sepa- 
rate specifications for pregnancy, and for four production categories. 
Beef cattle and sheep arc grouped Into 9 and 6 categories respec- 
tively. 

Not all of these groups actually require meal mixtures of different 
make-up. In many cases the difference between needs of the animals 
is one of quantity rather than of differing concentrations of nutrients 
in the ration. Furthermore, economy appears to justify a reasonable 
latitude in the matter of nutrient allowances to individual animals 
since temporary minor surpluses of many nutrients that individual 
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animals may get as a result of the feeding of groups on the same feed 
mixture, do not cause obvious differences in performance 

The fundamental basis for establishing feeding categories m prac 
tice IS the energy-protein requirement Those animals of the same 
species that can be satisfactorily fed rations of the same protein 
level can usually be adequately nourished with identical meal 
tures if allowances arc adjusted to their individual energy needs, 
cause most of the nutrients which need to be carefully adjuste m 
the ration are required in proportion to the metabolizable ener0 
The major nutrient that docs not follow this rule is protein An s® 
in applied feeding the first factor determining the number of 
mixtures needed for any class of stock is the level of protein 


Swme Meal Mixture Specifications 

Insofar as swine are concerned, calculations from the generaliw^ 


feeding standard of Guilbert and Loosh* suggest that newly . 
pigs require a ration which, on a 90% dry matter basis, snou 
carry 19% of total crude protein More recent work has indicate 
that with the use of vitamin Bu the protein levels of swine 
may be reduced appreciably, and the 1953 recommendation of 1 ® 
Swine Committee of the U S Research Council Committee on Am 
mal Nutrition calls for 18% of crude protein for pigs of 25 lbs 
weight In 1954, Catront at Iowa State recommended stiU lov-ef 
protein levels m hog rations The data calculated or taken 
from these three sources and from the recommendations of t^^ 
Quebec Provincial Feed Board are shown for various weights 
market pigs in Fig 15-1 

It will be evident that both the N R C , the Iowa, and the Quebec 
Feed Board Standards agree on 18% protein for newly weaned 
(about 25 lbs in weight) By the time they have reached a weig 
of 75 lbs their protein needs have declined to between 13 and 15 


depending on which of the three specific swine standards 


IS used 


• J Animal Sci V 10 p 22 (1951) . - 5 S 

t The Midwest Farm Handbook 3rd Ed Iowa State College Press An 
Iowa 
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For pigs beyond 125 lbs. weight, 11 to 13% protein appears to be 
enough. 

Neither the N.R.C. nor the Quebec Standard drops below 12% 
protein, and the Iowa Table levels off at 10%. However, we must re- 
member that in practice it is desirable to include enough feeds of 
animal or marine origin to meet at least 10% of the total protein 
requirement. If the basal feed used were all com (10% protein) 
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Fig. 15-1. Trend of per cent of crude protein needed in meal rations for 
swine. 


and if 2% minerals were also used, the final meal mixture \Nould 
then carry about 10.5% crude protein. If the basal feed carries 12% 
protein, as when it is comprised of course grains (barley or oats), 
the minimum protein level of the mixture in which 10% of the pro- 
tein comes from animal sources becomes 12.5%. Consequently, 
there is little practical use in worrjing about IcNcls of protein in hog 
rations below* 12%. 

For the pigs bc>ond the weaning period — that is, o\cr 75 lbs. in 
wciglit — and until they reach weights of 125 lbs., the meal mixture 
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evidently should carry between 12 and 18% 

Standard calls for 15% protein at this weight range, wh U 
bee Stand ,rd and Iowa Table calls for a minimuro of 14% f 


ration does not catty antibiotic) Furthermote, 


with commercially prepared "hog growing rations” 
crude protein is adequate reason to consider this latter level 
factory for this intermediate period of market hog fee mg 
carry enough margin to meet the variations in need of pigs 


the weight range of 75-125 lbs j 

two further categories of pigs involved un 


There are iwo iuimci tan-tu**''-* i-'f - e<rnant 

swine management These include the breeding stock— the 
gilts and sows in one group — and lactating females in the se 


iws in one group — anu latiuuuij 
The NRC Standard calls for 15% protein for the gilts, an^^ 


aoara cans lor idvo proicm » 

for the adults, and makes no distinction between pregnancy 


for the adults, ana makes no oisunvnuii uv,s«ww.. 
lactation The Quebec Feed Board recommends that pregnan 
lactating sows, as well as boars, be fed a meal mixture of t e 
specifications as the growing pigs i e , pigs between weights o 
and 125 pounds If the protein level of 15% is accepted 
growing pigs It will then also be adequate for the breeding s 
Thus there would seem to be no practical reason to divide the sw 
herd into more than three ration groups, except for a special case 


be noted later 

The nutrient specifications for meal mixtures for the three e 
categories of swine can be denved directly from feeding sta 
Table 15-1 following is based on data of the feeding j 

U S Research Council s Committee on Animal Nutrition modi e 
figures from the author’s laboratory for bacon hogs It is 
in terms of the several meal mixtures necessary to provide for 
feeding categories of swine 


In Table 15-1 the live weight groupings for the market pigs 


have 


been found m practice to be acceptable, except that the brea 


iween the starters and growers is made at 75 lbs , whereas i ^ 
shortage of protein the young pigs can with little or no penalty 
changed to the growmg ration at 60 lbs weight (Duruig 
War II, feed manufacturers m Canada were not permitted to 
mend feeding pig starters to pi^ after a weight of 60 lbs ) 



T,\nt.K 15-1 5pm7;r«;,-o« «/ AW A/u».r« Suitable JorS^ 
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expected or normal gains per day and the normal daily fectl 
under ad libitum feeding is shown for two weight subgroups 
of the three categories involving ration change In the case o c 
pig finisher we have made a distinction between animals intended o 
be finished rapidly and those to be fed for the leaner carcasses 
sired for lean bacon Tlie ration modification m this case is m e 
energy (TDN) of the ration Reducing the TDN by the inclusion 
of bulkier feeds usually results in somewhat greater voluntary cc 
intake, but this is not enough to compensate fully for the lo^r 
energy level, and, consequently, the end result is less TDN lUta e 
and a less rapid gam Carcasses thus produced may be expec e 
to carry appreciably less back fat and thus to have 5 to 10% 
lean, but also due to the longer growth period (because of t ® 
slower daily gains) to show an actual increase m the surface area 
of the pork chop eye of lean 

The feeding standard indicates that the ration for the growing 
pig (75-125 lbs ) is also suitable for boars, for pregnant sows, an 


for nursing sows , 

Thus three rations are indicated as useful and sufficient for 
five usual feeding categories of swine However, there is one furt 
group that should be included, thou^ it will not be a factor on rnaf) 
pig raising farms This extra grouping is for the pigs weaned at age* 
of under 3 weeks, and fed man made rations during the balance o 
time that they normally would be nursed by their dams This syst^*^ 
of pig raising sometimes referred to as the pig hatchery plao, pro*” 
ises to be increasingly important, because it makes possible more 
pigs per sow per year (about 3 litters m 15 months) with no greater 
and often a smaller feed cost per pig to an age of 8 weeks ( 
usually considered normal weaning age), plus the probability of ^ 


larger pig at 8 weeks, as well 

Specific nutrient needs for these very young pigs are not y 
known but empirically devised highly satisfactory feed mixture for 
mulae have been published by several experiment stations and since 
about 1953 several such formulae have been manufactured and so 
commercially The demand for this type of pig ration is reported Y 
feed manufacturers to be steadily increasing 
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The formula below, devised by the author and co-workers at Mac- 
donald College was first included m the 1953 edition of the Feeders’ 
Guide and Formulae for Meal Mixtures, published by the Quebec 
Provincial Feed Board It has been in commercial production since 

CHART 15-A Dry Meal for Early Weaned Pigs 

This mixture self fed as a dry meof or fn pelfef or crumble form with water avai/ab{e 
ad libitum has been successfully used at Macdonald College for pigs weaned from their 
dams at 110 days after birth Utters so fed have averaged from 30 to 35 lbs per pig at 
8 weeks of age 

Early weaned pigs must be given heoted beds with air temperature under the hover 
between 75 ond 80° f Heated floors (rodiant heat ng) ore preferable since this keeps the 
bed dry as well os warm 

Pigs when weaned abruptly will usually learn to eat with 24 hours without ossistance 
Providing them with m Ik or gruel is not desirable since they leorn to eat dry feed more 
quickly when no other feed is offered 

Formula Average Analysis 


370 lbs skimmilk powder 

Protein 

30% 

100 lbs Ground wheat 

Fat 

3% 

150 lbs Ground oat greets 

Fiber 

2% 

100 lbs soybeon oilmcot 

Calcium 

1 6% 

100 lbs fishmeal 

Phosphorus 

1.1® 

50 lbs Brewers' yeast 



100 lbs Cane molasses 

Thiomane 

2 0 mg /lb 

24 lbs Bone flour* 

Riboflavin 

4 0 mg /lb 

5 lbs Fine salt (lodaed) 

Niacin 

1 5 0 mg /lb 

1 lb Ferrous sulfate 

Pantothenic odd 

10 0 mg /lb 


1000 

Add to each 1000 lbs. materiols to supply 
7 gms antibiotic 
7 mgs. Bis 

2 gms Riboflavin (800,000 B S units) 
2 gms Pyrldoxlne 
4 gms Pontothen c odd 
4,500,000 I u Vltomin A 
100,000 1u Vitamin D 


nnely ground feed ng bone meal 
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that date The formula and dirccuons for its use, as they appeared in 
the Feeders’ Guide are reproduced in Chart 15-A 


Dairy Cow Meal Mixture Speaficniions 
We cannot calculate the specifications of a meal mixture for 
dairy cow feeding directly from feeding standards, and or 
reasons First, requirements arc for a cow of particular size, 
of lactation, and stage of pregnancy Second, the meal allowance 
only a part of the complete ration However, as with hog rations, 


IS protein level more than consideration of any other nutnen 


determines how many different mixtures will be needed to . 


the needs of different feeding groups 

Insofar as growing dairy animals are concerned, 


Chart 6-A) from the latest U S Research Council Dairy 


Feeding 


Standard indicate that up to live weights equivalent to about 


25% of their expected adult size, meal rations should ' 


less than 18% total crude protein, and for the younger animals 
would not be excessive From that stage of development on, m 
mixtures of 16% protein are adequate under normal feeding 
For the maintenance of adult non millung slock, meal 
are not ordinarily needed except for heifers m calf for the first 
Here feeding standards suggest a daily allowance during the 
two or three months of pregnancy of 8 lbs of meal, containing 
TDN and 0 6 lbs DCP Assuming a digestibility coefficient of S 
for protein and that the TDN is 75% of the weight of the 
can see that this meal allowance needs to carry only 10% of 
crude protem Since this is less protein than is in a mixture of 3 
feed grams, there is no special meal mixture (as to protein) t 
quired for animals of this category 


For the milking cow, however, the story is more complicate 


the milk production itself, the proportion of TDN that should 

nrnti»,r, ic tAOf. JJ tlif* fCCdS 0^ 


digestible protem is about 14% However, since the feeds 


than meal also fed may not exactly meet maintenance needs 


meal mixture specifications will be influenced by the kind and amou 
of the roughage used 

Perhaps the easiest way to describe the requirement is to calcu 
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example cases that will cover the usual situations found, and from 
them attempt to arrive at valid conclusions regarding the number of 
meal mixtures of differing protein levels needed to feed dairy cows 
generally. 

The starting point is, of course, the feeding standard; but which 
standard? As discussed in Chapter 6, it seems probable that a 1,000 
lb. dairy cow requires about 6.5 lbs. TDN per day for maintenance. 
This is approximately 20% lower than the value recommended by 
the U.S. Research Council Dairy Cattle Standard Committee. How- 
ever, they state that their figure is above the actual needs and was 
decided on because too meager energy intake was the most frequent 
cause of poor performance. Their stated reason is a valid argument 
for recommending liberal allowances of a ration, but a weak one for 
establishing a standard. Where meal mixtures are to be made for 
the practical feeding of groups, the margin for error should be on 
the side of minimum energy requirement in order that the allowances 
of meal sufficient to maintain the body weight of the cow shall also 
contain a sufficiently high concentration of protein, minerals, etc., 
to meet her needs. 

Consequently, in the calculations to be made in our examples, 
we shall use the value of 6.5 lbs. TDN as the most probable true 
maintenance need per day for a 1000 lb. cow. 

Wc may take the protein level as: 


DCP lbs. = 


3.4 X 146 (455 X 6.25 
454 X 1000 


= 0.65 lbs. 


as discussed in Chapter 7. This figure for a 1000 lb. cow is to be 
compared with 0.60 given by the U.S. Standard and values of 0.60 — 
0.65 lbs. given by Morrison. 

For 4% milk, all standards agree well enough for us to assume 
values of 0.32 and 0.045 lbs. of TDN and DCP per pound of milk, 
respectively. 

Tlic next step is consideration of the roughage to be fed. Here 
wc ha\c to make a choice of a number of possibilities. Of high 
quality (high energy*) roughage we may take a typical TDN value of 
53% and lot.il crude protein at a minimum of 6Cr. Of suclr rough- 
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age average, voluntar> consumption can be estimated at 2 5 lbs F' 
100 lb wciglit ol con An example of the steps in calculali g 
per cent of crude protein needed m the meal mixture is s ov-u 
Table 15-2 

TABLt; 15-2 Example of Calculattons of Protein Le\el Needed i 
Dairy Cov. Meal Mixtures 


1000 lb do ry cow produtlng 
50 lb* of ralW f«d 
roughage of 53^ TON 
end 6% DC? 


Egu » 
TCP 


TON 


EquU 

meal P"’*" 
ro be 

Ibe •" 


Requirement* 

Molnlenance 

50 Ibi 1% mlV 
Total 

In 2S lb* good roughage 
To be iuppi ed In meal 
Pound* of meal @ (72% TON) 
% total prote n needed In meal 


0 6S 
2 25 
2 90 
t^O 
MO 


160 

22.5 

13J5 

9.25 


In the calculations of Table 15-2 we have assumed that the ^ 
m a meal mixture is 80% of the total protein, and that such a mw 
carries 72% TDN These figures arc based on a typical mixture 
which the basal feeds include significant amounts of barley 
oats Use of a heavier meal, one carrying perhaps 75% 
might be the case where the basal feeds were largely com, 
raise the per cent of protein needed to 14 2% 

Using appropriate figures for cows of 1000 and 1200 lbs 
weight, for productions of 30 and 50 lbs of 4% milk, for ^ 
qmrements of early and for late pregnancy, and where good 
m the one case and only fair roughage m the other is fed the 
cent of total crude protein needed in meal mixtures has been 
lated (as shown above) for cases (a) where adequate meal is 
to meet TDN needs fully, and (b) where this meal allowance >5 
restricted to 75% of the total needed to meet energy needs Th® 
calculations are given m Table 15-3 
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TABLE 15-3 Fer Cent of Protein Needed m Milking Con Meal 
Mixtures 





Daily 

Lbs needed 

Lbs total 





consuRipt on 

of meal 

protein of 

Level {%] 




of 

72% TDN 

80% digest 

Total crude 


Av doily 


roughage 

lo meet 

needed in 

protein 

Weight 

4^ milk 

Stage of 

(hay or 

energy 

meal 

needed m 

of cow 

produced 

pregnancy 

equiv ) 

requirement 

allow 

meal mixf 


llbi) 


(lbs) 



( 0 ) 

(b) 



Early 

25 

39 

0 62 

159 

20 0 




IS 

12 5 

1 75 

140 

190 



toil 2 monthi 

25 

122 

1^8 

114 

150 




15 

20 8 

2^0 

120 

160 



Early 

25 

12 ;^ 

)JS 

137 

185 


50 


15 

21 4 

2 86 

135 

18 0 


lort 2 menthi 

25 

21 1 

2 50 

119 

158 




15 

29 6 

3 62 

133 

163 





(2 5) 


(15 1) (22 0) 



Early 

30 

)J 

036 

22 4 

300 


30 


16 

120 

IJ’2 

14 4 

190 


Last 2 months 

30 

6 6 

1 12 

130 

175 

1200 Ibt 



16 

202 

2 48 

124 

165 


Early 

30 

106 

1 50 

14 1 

16 8 


50 


18 

20 8 

2 88 

13 6 

185 


last 2 months 

30 

189 

2 25 

119 

160 




18 

29 1 

3 60 

124 

165 


(a) Normal meal allowancas 
(bi Meal redvced 25^ 


It ^Mll no\s be in order to examine the figures in some detail It is 
possible by ascraging togetlicr all of the protein levels that appl> to 
Uic 1000 lb cow, and then all of those appUing to tlic 1200 lb co\s, 
to see what general clTect dilTcrcnt size of animal has on the per cent 
of protein required in her meal mixture This calculation will co\cr 
all of the \arious conditions other than size of cow that were included 
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m the calculations When we make our calculations we find that the 
average per cent of protein required in the 1000 lb cowi meal 
turc IS about 13 5%. wihilc that for the 1200 lb cow is 14 5% W 
result would lead to the conclusion that as larger cows arc involved a 
slightly higher percentage of protein will be needed 

Insofar as milk production is concerned, and making the com 
panson m the same way, we 6nd that for 30 lbs of milk a mc^ 
mixture of 14 5 % protein is required, and for 50 lbs of milk 13 ^ 

protein is enough This result shows that for larger production, slight y 


less protein is required m the meal mixture 

It is assumed that until the last two or three months of pregnancy 
there is no increased nutritional requirement that needs to be ta 
into account by the feeder However, for the last two or three mont 
of pregnancy additional feed and nutrients must be given m or 
to make good the dram on the cow occasioned by the rapid gro^ 
during this penod of the foetus Insofar as per cent of proteui ncc c 
m the meal mixture is concerned, we find that during early pregnancy 
the average figure is 15 2%, but that dunng late pregnancy 
additional feed is given the per cent of protein drops to 12 7% * ‘ 
drop, of course, is due to the larger meal allowance called for to m 
TDN demands When we change from good hay to poor hay there 
is less than 1 % difference in the protein required m the meal mw 
lure to satisfy the requirement . 

In Table 15-3 there is one case where calculation indicates a nee 
for a protein level of 22 4% in the meal This high level however, i^ 
due to the very small quantity of meal needed to complete the energy 
requirements over the TDN supplied in the roughage If as much ^ 
2 5 lbs of meal were fed, its protein content necessary would 
15% This case is a special one and need not be considered as alter 
mg the general situation 


Taking all cases mto consideration, the average per cent of protei® 
required m the meal mixture is 14% The range (deletmg the case 
noted above) is from 15 9% in one case where a very small 
ance of meal is required down to as low as 119% where relative J 
heavy feedmg is involved Evidently, therefore, we can conclude th 
the dairy cow meal mixture need not contam over 16% of proteio 
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under any normal conditions, and that for most of the common feed- 
ing conditions found 16% protein will be about 2% more than is 
actually required This conclusion agrees very well with the fact that 
the commercially prepared standard milking cow meal mixture sold 
m North America is likely to contain 16% of protein 

There is, however, another situation that we must face when feed- 
ing dairy cows It is that situation where the meal allowance offered 
IS somewhat less than would be required to complete the full energy 
requirement of the cow We find such situations occurring m early 
lactation where, because of the high production, the cow is unable 
to consume as much meal as would be required to fully meet her 
energy requirements It is probably unwise to expect a cow to con- 
sume more than 25 lbs of meal per day, when the cow needs more 
than that she has to get some of her energy by metabolizing body fat 
In other words, a part of the energy requirement is provided by the 
cow herself in lieu of feeding the full amount of meal that would 
otherwise be necessary This curtailment of the amount of meal has 
nothing to do with the amount of protein that is required, and con- 
sequently where meal allowances are restricted below those that 
would complete the full allowance for energy, the per cent of protein 
in the meal mixture must be raised Actually our table shows that if 
the meal allowance is cut by 25% there will be an increase in the 
average per cent of protein from 14% at the normal feeding level 
to over 18% in the restricted meal feeding program 

And so wc sec why it is that under some conditions a dairy cow 
meal mixture carrying 18% protein has been found to give more 
satisfactory results than the 16%, and also why most feed manufac- 
turers offer both a 16% and 18% milking cow ration, though many 
feeders arc unaware of the reason 

It appears, therefore, that three diffcrcnt meal mixtures will prob- 
ably be required to adequately supply the protein requirements of the 
different feeding classes of the dairj herd One will cany about 20% 
of protein, and such a mixture would be for the calves and vcarling 
heifers The second would carr> about 18% of protein, and would be 
satisfactory for the Iwo-vcar-old heifers and also for cases where for 
an) reason somewhat restricted meal allowances were given to cows 


i 
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in milk as compared to the full requirement In such cases one mi^t 
expect that there would be some loss in body weight dunng the 
involved because of too meager energy intake The third mea 
ture, which would represent most of the usual feeding o mi s 
cows, should carry somewhere in the neighborhood of 1 '' 
most economical results 


Other Nutrients ol the Dairy Cow Meal Mixture. The concen 
tion of other nutrients needed in these meal mixtures will also 
fected by the quantities of these nutrients that the roughage 
supply The number of nutrients to be considered is not large, 


because the dairy cow synthesizes via the microorganisms 


of her 


rumen all of the Vitamin D complex required, and she norma y g 
m almost any kind of forage all of the J'lwmm A she needs Proba 
also, the Vitamin D requirements are met through her exposure to 
sun m the summer dunng grazing Insofar as minerals are con 
we must, of course, consider enfemm and phospbonts and 
areas cobalt, copper, and todme as well In this country salt wi 
have to be supplied, but this is done as a matter of routine, regar 
of any quantities of sodium or chlorine that may be m the for p 
The problem of supplying cobalt, copper, and lodme is one of spec 
additions to the meal ration rather than m choice of roughages 
And so m the end we find it necessary to consider only the ca 
and phosphorus that the roughage intake will supply to the a 
as compared to the quantities specified by feeding standards as 
quired Reference to Chapter 14 indicates quite clearly that 
cattle are fed under condiUons requirmg no meal mixture, it ^ 
usually be necessary to supplement the roughage ration with P 
phorus but not with calcium On the other hand, when meal mixta ^ 
are used m dairy cattle feeding, the specifications of the mixtures 
regard to calcium and phosphorus arc obviously tempered by ^ 
quantities and kinds of roughage also consumed In order to ^ 
idea of what supplementation is required for meal mixtures mten 
to be fed to cows m milk, we can use the same general scheme 
used m determining the protein levels 

Examination of the feeding standards indicates that difference 
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weight between adult cows are relatively insignificant m terras of the 
calcium and phosphorus requirement as compared to changes in the 
quantities of milk produced or changes m the stage of lactation The 
changes in the amount and kind of roughage also have a marked 
effect on the quantities of Ca and P that must eventually be provided 
in the meal mixture 

In estimating the probable quantities of calcium and phosphorus 
that would be furnished by the roughage allowance, we used a figure 
that was 50% of what would be supplied by average roughage of 
the two categories involved, and, because of the general tendency of 
feeders to restrict dairy cows in their meal allocations, we have based 
our calculations on a feeding program in which only three-quarters of 
the full allowance of meal was actually fed We believe that by making 
these two modifications the calculations give the quantities of bone 
meal that would be required under the most adverse conditions likely 
to be met with in actual feeding practice The assumption that in any 
given case the roughage may furnish only half as much, either of 
calcium or phosphorus, as would be found m average samples is 
predicated on the fact that sod phosphorus deficiency is widespread 
in farming areas, and that under such conditions the phosphorus con- 
tent of the forage is appreciably lower than average Similarly, there 
are many soils that have a high lime requirement, and such land 
tends to produce forage low in calcium 

The figures obtained from the above-mentioned calculations show 
that need for supplementary sources of calcium and of phosphorus 
vanes from none at all, where feeding of average roughage plus 
enough meal to fully meet energy requirements is followed, to 
amounts cquiNalcnt lo including bone meal to the extent of 3% in 
the meal allowance where calcium- and phosphorus-poor roughage 
must be fed, and/or where meager gram allowances arc offered 
The average requirement of bone meal per 1000 lbs of meal mixture 
for all cases calling for such additions was 18 lbs lo meet calcium and 
19 lbs to meet phosphorus deficits \Vc realize that individual cows 
for varying periods of lime during a lactation arc likely to be in one 
or another of all the different situations covered by the calculations, 
and ih U Uirough the function of the bone tral>ccu1ac fluctuations in 
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intake of calcium and phosphorus above and below the exact 
ment are not critical We believe that the inelusion of supplemen s 
provide 2000 gms of calcium plus 920 gms of phosphorus pe 
1000 lbs of meal mixture should be routine practice Twent) poun 
of feeding bone meal m 1000 lbs of an 18% protein meal mixtu^ 
will meet these levels (Bone meal is used merely as a typical 
supplement It implies no special preference for this source o t e 
nutrients ) 

We should also mention the question of common salt Stan ^ 
dairy cattle feeding for many years has called for the inclusion o 
\% of common salt in the meal ration This amount meets 
conditions In general, where normal amounts of meal are being e 
cattle show no requirement for salt beyond the included in t eir 
meal allowances (Cows that are receiving no meal should have ac 
cess to a mineral mixture m order to provide salt and phosphorus^^ 
Wherever there is evidence of iodine deficiency, as indicated by 
birth of goitrous calves, the meal should be fortified with lO 
which can be supplied most simply by using iodized salt One 
of an ounce of potassium iodide per 100 lbs of salt is proba y 
adequate for this purpose There are also geographic areas where 
cobalt deficiency is known to exist In such areas the salt might a 
be cobaltized, using approximately 2 5 times as much cobalt sulfa^^ 
per 100 lbs of salt as is recommended for iodine (The problem 
of copper and/or molybdenum is discussed in Chapter 14 ) 


Beef Cattle Meal Mixture Specifications 

Meal mixtures for the several classes of beef cattle are similar lO 
principle to those for dairy cattle There is, however, a different em 
phasis, growth and fattening of steers and heifers become the major 
interest rather than lactation insofar as concentrate feeding is oon 
cemed This is reflected in the N R C Feeding Standard where feed 
mg categones are set out for 10 separate groups of beef animals 
These groups frequently differ more in management and in feeding 
practice than in the nature of the feed combination involved 

Roughage plays a large part m the feeding program, either as for* 
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age to be grazed or as a harvested crop. Indeed, for any beef stock 
over one year old that is not on a fattening program, roughage is 
likely to furnish the entire ener^ of the ration. 

A very general picture of the feeding groups and their requirements 
for feed is shown in Table 15-4. 

If we accept the N.R.C. Feeding Standard and make calculations 
on the basis of forage of ‘6% D.C.P., we find that four meal mix- 
tures are recognized insofar as differing protein levels are concerned 
(assuming that the use of a 14% instead of a 13% mbc is as satisfac- 
tory for the growing and breeding bulls as it is for the growing 
heifers). Thus, the 500 lb. calves being finished as baby beef or as 
short yearlings should have a meal mixture carrying about 18% total 
crude protein: The animals of this category, when they have reached 
800 lbs,, can use a 14% protein mix. Growing heifers of 400 to 500 
lbs. and growing bulls of 800 lbs. will also need the 14% protein 
meal ration. It will be well to have about 12% protein in the ration 
for the lighter yearlings when they start the feeding period. Finally, 
a meaj carrying 7-9% protein will meet the needs of all other groups 
to which feed other than roughage is to be given. This level of pro- 
• tein will be supplied by unsupplemented basal feeds and, conse- 
quently, is not a problem in meal mbeture or protein supplement 
formulation. 

It may be well to point out that concentrate and meal mixtures as 
here used are synonymous and refer to the total non-roughage feed 
combinations. For example, shelled com, a protein supplement, and a 
mineral supplement may all be made available to the stock free 
choice. If 10 lbs. of com plus 1.5 lbs, of a 40% protein mineral 
supplement arc eaten, it is the equivalent of a meal mixture of 14% 
protein. 

The calculations of Table 15-4 were based on roughage carrj’ing 
6% of D.C.P., which means a good quality product that probably 
contains 50% legumes. If roughage of a lower protein level is used 
tlic protein necessarily derived from the meal will increase. How- 
c\cr, lower protein roughage often also means lower TDK in the 
roughage and probably a tendency for reduced roughage consump- 
tion. This means more grain or meal must be fed to meet the energy 
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' caU ’ period When we recognize this difference in tcrminolog) the 
apparent discrepancy in protein recommendations largely disappears 
The more fundamental consideration arises from the difference in 
the objectives and hence in the feeding management of the bee « 
the dair> herds Other than for the young calves and for amma 
during final stages of finishing for market, the ration for all c asse^ 
of beef animals is essentially roughage Concentrate feeding in 
commercial enterprise is always at a minimum consistent with ea 
Adult animals are at maintenance (or below) for most of the 
and are bred at a time when the extra demands for reproduction a 
lactation coincide with the occurrence of forage at its most a un 
and nutritious stage 

When concentrate feeding becomes necessary it is usually ca 
relative to its useful energy the content of the forage availa 
inadequate m protein and Vitamin A Occasionally there may ^ ^ 

a phosphorus shortage, especially if Prairie hay or straws arc to 
the principal forage Table 15*5 illustrates the general problem 
We can see from this table that for those classes of beef 
that are normally fed a ration of 50% TDN (see N R C Stan 
the so called “good ’ roughages ordinarily form an adequate ra 
Of the “poorer quabty” roughages there are some whose energy v 
(TDN) is still essentially the same as that of the good quality 
However their protein may be inadequate and they may also ^ ® . 
of phosphorus and carotene Hence when we depend on these ro 
ages a protein and perhaps a mineral vitamin supplement must 


used for adequate nutrition 

We should pomt out that forages whose TDN is below 50% 
require extra energy from a grain allowance, and since any P 
used will also provide protein there may be no need for a 
protein supplement as well Going back to the N R C Standard 
find given for mature cows of 1 100 lbs , a requirement of 18 lbs to 
feed carrying 4 5% D C P and 50% TDN If a forage carrying on 
2 2% D C P and 40% TDN were used, such as fully matn 
Timothy, then gram would need to be fed to supplement the shoda^ 
of digestible energy If 18 lbs of total feed is still to be fed, then ^ 
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TABLE 15-5 The Approximate Average Protein, Energy, Phos- 
phorus, and Carotene Content of Some Common Beef Cattle 
Roughages 


forage 

DCP 

TDN 

Phos 

Carotene 

SuppleTnenI* 

Requ rement 

is% 

50% 

19% 

4 mg /Ib 

Required 

Alfalfa 

10 

50 

24 

11 

none 

Brome grass 

5 

49 

28 


none 

Clover 

7 

52 

19 

9 

none 

Kafir fodder 

45 

54 

18 

2 

Carotene 

lespedeza 

6 

48 

18 


none 

Mix gross and legume 

4J 

50 

18 


none 

Oaf hay 

5 

47 

19 


none 

Soybean hay 

10 

49 

24 


none 

Sudan grass 

45 

49 

26 


none 

Com stover 

2 1 

52 

05 


Protein Phos 

Grass hay 

35 

52 

21 


Prote n 

Lespedezo, mature 

36 

40 

15 


Adequate In proper'* 






l>on to TOW 

Prairie hay, good 

2 1 

50 

18 

9 

Protein 

Prolne hoy, mature 

06 

47 

09 

1 

Prot Phos . Carotene 

Strows 

03 1 3 

45 

10 


Pret Phos , Carotene 

Timothy, alt analyses 

3 0 

50 

JO 

3 

Prote n, Corolene 

* Based on otl feed ng 

groups v>hose lolol ration i 

It shown 1 

in N R C Stondard as 50?5 TDN 


would ha\c to use H lbs of the roughage plus about 7 lbs of gram 
This combmilion would also meet the protein needs if the grain were 
corn, and would provide a slight excess if barlcj, oats, or wheat were 
used as the gram If, however, the cows were still to cat 18 lbs of 
the 40^c TDN forage, it would require 2 2 lbs of gram m addition 
to meet the full cncrg> needs This amount of com gram would not 
siippl) but about 15 lbs D C P , leaving almost a third of a pound 
to be supplied b> some high protein supplement 

TIjc solution therefore niigh! be a mixture of 1 2 lbs com plus 1 0 
of so>l>can oilmcal or cottonseed meal, which would meet quite 






TABLE 15-4 Feeding Categories m 
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needs. The end result is that the per cent of protein in the meal does 
not usually increase in direct inverse ratio with the decline in the 
per cent of protein in the roughage. When all factors are considered, 
the protein levels of the concentrate feed that will adequately meet 
nutritional needs in the beef herd when fed good roughage, appear 
to be: 


Calves at start of feeding for baby beef . . 18%' 

Calves fed for normal growth 14% total 

Yearlings for fattening 12% '.crude 

2‘yr.-olds for fattening 8% protein 

Other classes . . • . .... 8%^ 


It will be interesting to compare these with the protein levels dis- 
cussed as needed in the rations of dairy animals. For the young dairy 
calves, a meal mixture of 20% protein was found satisfactory for 
average conditions. Beef calves (above) are found to need only 14% 
protein in the meal. This difference is, in part, one of terminology. 
Beef calves are not fed man-made rations much before they have 
attained 30% of their mature weight, and are nearly six months of 
age. They are still calves to the beef cattle feeder, however. On the 
other hand, the dairy calf is weaned at one month of age at a weight 
representing only 10% or less of its adult size. The feeding for the 
next four months is one of replacing with a meal mixture the milk 
the beef calf gets during this period. Such meal mixtures must carry 
more protein than is needed during the 6-12 month age period. The 
situation is explained by a paragraph from the Quebec Provincial 
Feeders Guide, which states: 

It IS frequently assumed by feeders that once the calf reaches an age 
of 6 months and is ready to go out on regular herd rations, that little 
attention to feeding is needed until well along m pregnancy. Thus many 
heifers after the calf stage fail to grow and develop as fully as they 
should. 

From this statement ^\c can see that the calf stage in the dairy 
herd unofTicially ends at about 6 months of age. Tlic feeding during 
the 6-12 month age period of the dairy animal is comparable in 
protein needs to iha commonly referred to by the beef feeder as the 



336 - Applied Animal Nutntton 
mcely both the protein and energy demand Such a ^ 

carry a total crude protem level of about 25%, and would be referreo 
to in the feed trade as a mixed protem supplement 

Obviously there are innumerable combinations of forages, 
which yields a characteristic quantity of nutrients and energy 
matched against the need of some feeding groups of ammai , 
find that we may prefer in individual situations supplementary 
rangmg all the way from simple basal feeds of 9-12% j, 

even a single basal feed) to straight high protein supplements 
as cottonseed meal furnishing 40 45% protem (with com ma 
giving all intermediate protein levels) 

There is no fixed pattern of “balanced rations for c 
for another reason Most of the cases that require protein supp cm 
to the roughage need relatively little extra energy 
these cases are met by the use of one high protem feed or a 
of several The grain finishing of steers is likely to be done on 
where the basal gram, such as com or barley, is home pro “ ^ 
Feeders who raise their own basal feed are, therefore, mtei^ 
the formulation of protem or protem*mmeral supplements o 
ture of the basal feed is for them a constant All of their fina 
to feed rations will be combmations of their own gram (com, ' 
etc ) with varying proportions of protein, mmeral, and vitamin 
plements, according to the needs of the different feedmg catego 
which may require different rations 

Thus It appears that in practice the problem of meal mixtures 
the beef herd is one of formulating 

1) protein 

2) protem-mmeral 

3) mineral 

supplements, each with and without vitamin sources Because 
group of feeders are likely to employ com or sorghum grain 
basal feed while others may use coarse grains (barley, oa s 
wheat, the basic differences m protem and m carotene between 


two types will require due consideration m the formulations 


Andfof 


those who use no gram the likely specific mineral of the poor 
age must be taken into account 
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In Chapter 16, flexible formulae for such supplements are given, 
together with charts for their use. 


SUGGESTED READING 


A series of individual pamphlets published by The Committee on Ani- 
mal Nutrition, U.S. National Research Council, 2101 Constitution 
Ave., Washington 25, D.C. 

Nutrient Requirements of Domestic Animals 
Poultry (1950). 

Swine (1953). 

Dairy Cattle (1955). 

Beef Cattle (1950). 

Sheep (1949). 

Horses (1949). 

Guilbcrt, H. R., and Loosli, J. K., “Comparative Nutrition of Farm 
Animals,” /. Animal Set., V. 10, No. 1, p. 22. 



niiAPTEn 


16 


The Preiiaration of Flexible Formulae 
for Meal Mixtures 


RATION FORMULATION involves tour distinct steps The 
first IS establishing the protem level of the meal mixture, and this is 
done with the help of feeding standards The second is determination 
of the proportions of the three mam feed categories necessary 
obtain the protem level wanted The third is the specification of t e 
feeds to be used m each category involed, together with a stateme 
of the limits of substitution permissible within categories Finally, 
mixture must be checked against the appropriate feeding standard or 
adequacy of nutrients other than protem, and amendments speci 
where necessary 

It is as ingredients of meal mixtures that feeds other than rough 
ages are put to work However, there is no one best mixture This is 
self evident from the fact that the different feeding stuffs contain 
much the same kinds of nutrients though often in widely diffcr^^^ 
proportions and amounts Some feeds are more nearly ahhe m pr® 
portions of nutrients than others and are thus practical substitutes for 
each other Similar feeds may be grouped in a meal mixture formu 
according to the principal nutnent or nutnent combination they fnr 
nish in the final ration In a workin g formula these groups may b® 

1 Basal feeds 

2 Protem supplements, 
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a. vegetable origin, 

b. animal origin. 

3. Mineral supplements, 

a. major mineral elements, 

b. trace elements. 

4. Vitamin supplements. 

Because the average protein content of the common feeds of the 
basal group does not deviate widely from 12%, and because the 
quantities in most animal meal rations of vitamin and mineral sup- 
plements is small, the proportions of these four feed groups are rela- 
tively fixed in the final mixture of a specific protein level. Within the 
categories, however, considerable latitude in the selection of the indi- 
vidual feedstuffs is possible without appreciably altering the feeding 
values of the combinations. Thus, it becomes possible to prepare 
what might be called pattern mixtures for the various feeding cate- 
gories of different classes of livestock. An example of such gen- 
eralized formulae, shown in Table 16-1, was taken from the 1954 
Quebec Feed Board bulletin. Feeders Guide and Formulae for Meal 
Mixtures. 

In the absence of more detailed specifications, such general guides 
are enough to permit one familiar with feeding stuffs and with feed- 
ing practice to formulate working combinations for balanced meal 
mixtures. 

It is preferable, however, to carry the pattern mixture idea further 
to the preparation of a flexible formula designed to meet the specifica- 
tions of adequate diets for described groups of animals. Our purpose 
in this chapter is to show how this is done. 


The Pattern Meal Mixture 

Tl^c step by step development of a pattern meal mixture for grow- 
ing swine will scn-’c as an example of the procedure. Wc note from 
Table 16-1 that a meal mixture suitable for growing market pigs 
should cany 15% of total crude protein. Wc might also conclude 
from the innumerable formulae that have been proposed by experi- 



Generalized formulae for 
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ment stations, extension services of colleges, and government depart- 
ments of agriculture, or have found their way into textbooks on hog 
feeding, that such a meal mixture could be made up principally of: 
Farm grown grains 
Linseed oilmeal 
Meat meal 
Limestone 
Salt 

These same sources of information will also lead to the tentative 
conclusion that \% limestone or comparable source of calcium is 
needed. Salt is universally added as 0.5% of the ration. We could 
also calculate from feeding standards as follows: 


Requirement Normally Needed in Equivalent Needed in 


Nutrient 

100 lb. pig 
per day 

in pig 
feeds 

minerals 

in mineral 
carriers 

100 lb. 
feed mix* 

Ca 

15.6 gms. 

7.8 

8 gms. 

22 gms. 
(limestone) 

400 gms. O 
1% 

P 

10.8 gms. 

10.7 

0 

— 

— 

Salt 

20.0 gms. 

0 

12 gms. 

12 gms. 
salt 

240 gms. O 
.5% 


With respect to the linseed oilmeal-meat meal proportions we may 
make use of a common thumb rule that at least 10% of the protein 
should come from an animal or marine source. Thus in a 1000 lb. 
batch of a 15% protein meal mix, 15 lbs. of protein must be from 
meat meaf, and this wiff calf for 30 fbs. of this feed. 

With this information we can determine the quantities of each of 
the feeds to make a 1000 lb. batch. 



Feed 

Protein 

Total wanted 

1000 lbs. 

150 lbs. 

Meat meal 

30 

15 

Limestone 

10 

0 

Salt 

5 

0 

Other feeds (by difference) 

955 

135 


The per cent of protein to be in other feeds = == 

• Based on 5.6 Jbs. feed daily. 
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The proportions of the linseed oilmeal and the farm grains (i e , 
other feeds) needed can be easily calculated using the cream blend- 
ers scheme We need only to know that the oilmeal carnes 35% 
protein and we shall figure in the example that the farm grams carry 
12% We have already determined that the mix must be 14% 
protein 


Farm grains 


Oilmeal 


12% 21 parts = 91% 

\ ^ 

14% 

/ \ 

35% 2 parts = 9% 

23 00 parts 


Thus we require of oilmeal, 955 x 9% = 87 lbs , and of farm 
grams 955 X 91% (or 955 — 87) = 868 lbs 

Our final 15% protein pattern mixture then becomes 


Fann grams 

868 

Lmseed oilmeal 

87 

Meat meal 

30 

Limestone 

10 

Sale 

5 


Total 1000 lbs 

This is not yet the completed ration It may require amendments 
to augment some of its minerals and vitamins, and we may wish to 
add an antibiotic It does however, form a pattern that establishes 
the proportions of key feeds needed to fix its protein level From what 
we said in Chapter 11, it is evident that the particular feeds shown m 
this formula are merely key feeds, representing in each case feedstuffs 
of a particular category of the feed classification Thus, Imseed oil- 
meal could as well be soybean oilmeal, or peanut oilmeal, or a mix- 
ture of two or more of the feeds m this category Indeed, we might 
expand our simple formula to list some possible substitutes for each 
of the feeds of the simple formula (see Table 16-2) 
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TABLE 16-2 Skeleton Formula for 15% Protein Swme Ration* 


Mam groups 

Subgroups 

Feeds 

Recommended 

amounts 

Baial feeds 

868 lbs 

(Av \ 2 % protein) 


Barley 

Corn 

Oats 

Wheat 

866 


30 40% 

Linseed 

87 


protein 

Soybeon 



plant origin 

Peonut 


Prote n Supplements 

{67 tbs 1 

Coconut 


1 17 lbs 

35 70% 

Meat meol 

30 

tAv 40% protein) 

protein 

Fish meol 



animal or gm 

Milk powder 



30 lbs 

Tonkoge 



(total to prov de m n 




mum 15 lbs protein) 




Bone meol 


Mineral Supplement 


Dicok urn phosphote 


15 lbs 


Ground limestone 

10 



Salt 

5 



Vit A ( u ) 

800 000“ 

Vilom n Ant b ot c 


Vit Dtiu) 

90 OOOf 

supplements 


Bis (mgs ) 

5 



Ant blolic (gms ) 

5 


* Th 1 Is merely an example and is not a complete rot on (see Chapter 19 for hog ration 
formulae) 

•* About 0 25 gms dry A 
t About 2 mgs dry D 

Making the Pattern into a Flexible Formula 

When expanded as shown wc have the start of a flexible formula 
tint can serve as a guide to innumerable combinations of fccdstulTs, 
any of which will result in a 15% protein mixture However, because 
of individual differences in feeds of the same category, care must be 
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taken in the substitutes or alternative choices made Often the ques- 
tion IS not whether to use this or that feed, but how much of each 
By making partial substitution we may be able to take advantage of 
desirable feeding properties or atiractive pnces and at the same time 
avoid undesirable consequences of an unrestneted use of some prod- 
uct 

We can incorporate into our flexible formula a guide to cover these 
points We have to add a column setting the maximum limit of use 
for each feed listed, and a further column m which a figure may be 
set to insure the minimum use of some feed 

The figures in these two added columns obviously should be based 
on sound evidence Properly set they are an insurance against inad- 
visable combinations that might be put together by one not fully 
aware of the peculiarities of certain feeds The “rmnimum” figures 
are also of use m cases where because of “protective” nutritional 
properties or because of price or availability we want to be certam 
we have not overlooked a product 

Such an oversight might well occur m commercial feed manufac- 
ture where a by-product of a particular company is to be sold largely 
through the “balanced rations” they make Thus a millmg company 
that prepares table hominy might depend on including com by- 
products in their balanced rations for livestock as a way of disposing 
of such feeds The figures set for the minimum m this case might be 
based on anticipated supplies, other markets, company policy, etc , 
rather than enUrely on nutritional considerations In another case 
there might be a wish to ensure a low energy ration for bacon pro- 
duction by the inclusion of a bulky feed such as oats or bran 

The maximum and mmunum limit figures are obviously subject to 
revision from time to time, and may also be widely different m dif- 
ferent geographic areas They can be, and very likely will be tem- 
pered by prejudices and beliefs of the author of the formula Unless 
these are imcompatible with nutritional considerations they are not 
fundamentally senous 
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Sub-formulae 

One useful feature of this type of formula (a consequence of the 
grouping of feeds used) is that it can be broken down mto several 
sub-formulae For example, we can derive recipes for a protem sup- 
plement and another for a mineral or mineral-vitamm supplement 
The protem supplement would be 




Ongmal 

amounts 

1000 lb 

Feeds 


(110 lbs ) 

basis 

Lmseed oilmeal 

87 

740 

Meat meal 


30 

260 

5 mineraUvitamin combination 




Ongmal 

amounts 

100 lb 

Feeds 


(15-f- lbs) 

basis 

Ijmestone 

lbs 

10 

67 

Salt 

lbs 

5 

33 

Vitamin A 

(lU) 

800,000 

5,000,000 

Vitamin D 

(lU) 

90,000 

600,000 

Vitamin Bja 

(mgs ) 

5 

33 

Antibiotic 

(gms ) 

5 

33 


Using the Supplement Formulae 

To use these supplements to prepare mixtures of different protein 
levels, we can easily calculate the quantities of protein supplement 
we need per 1000 lb batch For an 18% mixture we would figure 


Farm grams plus 1 
mineral supplement/ 


12% protem 22 parts =z 785 lbs 

\/ 

18% 



I gratns-plus 
mineral 
supplement 


Protein supplement 40% protein 6 parts =215 Jbs J Protem 

1 supplement 
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Since we are to use 15 lbs minerals in our 1000 lb batch (see 
Table 16-2), our proportions become 

Farm grams 770 lbs 

Protein supplement 215 lbs 

Mineral supplement 15 lbs 

Total 1000 lbs 

Note that the protein and the mineral supplements are treated sep- 
arately The latter is needed in proportion to the total mixture rather 
than to the protein supplement The quantity of mineral supplement 
IS so small that it can be neglected insofar as any practical effect on 
protein level is concerned Hence in calculating proportionate parts 
we take the basal feeds plus minerals as 12% protein * 

Here we see the origin of the mixed supplement, usually called 
m the feed trade a concentrate Such combinations are of interest 
to the feeder who wishes to use his home-grown gram to prepare the 
several rations needed in the feeding of his animals Even though 
some ingredient of the concentrate may not be needed for some one 
ration, its presence is not likely to be harmful Such concentrates can 
be made “flexible" merely by listing possible substitutes where they 
exist, and setting minimum and maximum limits for their use (see 
Chapter 17) 


Precautions 

We must remember that flexible formulae are guides, and from the 
latitude they permit m feed selection are subject to abuse Improper 
substitution can result in undesirable modifications of the protein 

*/iS (fas ^xsatpie we tore tsk<n fxtm gestns itr i2% croxfe protein 
This of course will be loo high if Ihe basal feeds to be used include a large 
proportion of corn or milo The principle of the flexible formulae does not 
depend on any particular protein level of basal feeds or of protein supple 
ments If m a corn area this feed is to make up 100% of the farm grams 
the only change from the example given above will be m the proportion of 
basal feeds to protein supplCTnente The st^s m deriving the formulae are 
in every respect identical to those used m the example Incidentally the 
average protein of a mixture of equal parts of barley, oats, corn, and wheat 
IS almost exactly 12% 
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levels of the final mix, although this modification will be minimized 
as we increase the number of feeds we use. Also, it may be possible 
to make mixtures of unsatisfactory palatability or of too heavy or 
too bulky a nature. These limitations merely emphasize the fact that 
in addition to whatever formulation guides may be available, some 
knowledge of feeds and some nutritional judgment are necessary 
qualifications of anyone who is to successfully compound nutritionally 
adequate livestock rations. 


SUGGESTED READING 


Crampton, E. W., *‘A Method for Determining the Composition of a 
Meal Mixture Suitable for a Given Purpose,” Sci. Agr., V. 8, p. 
235 (1927). 

Feeders Guide and Formulae for Meal Mixtures, Quebec Provincial 
Feed Board, E. W. Crampton, Secretary; Prov. Dept, of Agr., Que- 
bec, Can. (1955). 



CHAPTEn 


The Preparation of Mixed Mineral 
Supplements 


FROM THE DISCUSSION in Chapter 16 it js evident that 
we shall require a consideration of mineral supplements before we 
can formulate a balanced ration for any class of farm animal It may 
be well, therefore, to deal with mixed mineral supplements before 
going further with the preparation of complete meal rations 

Flexible Formula Mineral Supplements 

When gram feeding is the normal practice as with hogs and with 
most categories of dairy cattle, the problem of supplying any neces- 
sary mineral supplement is simply solved But beef cattle and some 
classes of dairy cattle, on the other hand, frequently receive no con- 
centrate feeds The forage on which they subsist may be deficient 
in minerals Consequently, some special consideration of the makeup 
of mixed mineral supplements may be in order at this point 

In one sense the mineral supplement is a comparatively simple 
combination of materials, each often supplying fixed quantities of one 
or more needed elements Thus, while bone meals may vary slightly 
from sample to sample, they are, relative to plant seeds or the forages, 
feedstuff s carrying 23% calcium and 11% phosphorus They deviate 
from these values only sbghtly This small deviation is partly due to 
the fact that dry, fat-free bone vanes m makeup chiefly by the sub- 
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stitution in the CaCOs of such radicals as F, OH, Mn, etc., for all or 
part of the [CO3]. The [Ca3(P04)2] part of the structure is for all' 
practical purposes, a constant. 

Furthermore, bone meal, as purchased, is a composite from thou- 
sands of animals, and so any variation between animals is averaged 
out in the commercial product. 

There is more variation in the makeup of some of the phosphorus 
sources that have their origin in rock phosphate or in the softer de- 
posits of high phosphorus-containing bird skeletons, such as are found 
in the Curaco Islands. Some of the variation is natural and some is 
a result of processing, such as in the manufacture of phosphatic 
fertilizers or, incidentally in the removal of fluorine. 

Mineral Supplements for Cattle or Sheep. Under practical cattle 
or sheep feeding conditions when normal amounts of roughage are 
fed, no intentional inclusion in a mineral supplement of sources of 
calcium are justified. The more common sources of feeding phos- 
phorus are combinations that include as much calcium as phosphorus. 

In more or less localized areas there may be deficiencies in forage 
which make it desirable to include in the mineral mixture copper, 
cobalt, iodine, and/or manganese. Because they are needed in such 
small amounts relative to calcium, phosphorus, or common salt, they 
are sometimes referred to as trace minerals (see Chapter 8). Their 
function appears to be specific, but except for iodine, their roles have 
not been fully elucidated. It is probable, however, that a part of the 
function of at least some of them is related to the nourishment of 
the microflora of the rumen and/or caecum of the host animal; 
or that their use to the animal is mediated by the microflora. The 
details are less important here than is the fact that some low-grade 
forages are readily eaten and yield available energy about equal to 
that of the so-called good forages if supplemented by Vitamin A, a 
small quantity of minerals and by a source of nitrogen, which may 
be protein or a product such as urea. Corn cobs, for example, can 
furnish all of the roughage for fattening steers if Vitamin A plus a 
mineral mixture that is adequate qualitatively and quantitatively is 
fed, and, of course, appropriate allowances of grain and protein 
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supplement are also fed In experiments at the Ralston Purina Com- 
pany Research Farm, cobs replaced pound for pound all of the hay, 
and since the amounts of other feeds were comparable, and equal 
gams were made by the steers (about 2 5 lbs per day), it follows 
that the cobs furnished available energy to the animals equal to that 
from hke weights of alfalfa hay ♦ 

Information as to the optimum composition of a perfect mineral 
supplement is lacking We do know enough already to prepare com- 
binations that will give acceptable results, and we have no reason to 
think that excesses of specific minerals, which undoubtedly exist in 
many of the rations gwmg excellent results by present standards, are 
nutritionally harmful This thinking perhaps leads us to the use of 
“shotgun mixtures,” which m the past have so often been decned by 
the animal husbandman However, there are differences between shot- 
gun mixtures, and perhaps the ones that are the result of educated 
guesses based on sound though bmited experimental evidence can 
with advantage now be removed from the category of quack remedies 
In any case this author believes it to be amply proven that because 
roughages are so highly variable in nutrient makeup from sample to 
sample, that fortification with complex mineral mixtures may more 
often than not be sound feeding practice 
Ffexifale formulae for mineral mixtures that permit the focal selec- 
tion of earners available are easily prepared The chief item of choice 
will be the phosphorus carrier The other vanables are largely matters 
of inclusion or exclusion 

Supplementary Phosphorus Leveb for Beef Cattle. Some idea of 
the supplementary phosphorus needs of beef animals, for example, 
can be had from feeding standards Certain assumptions must be 
made concermng the kind and amounts of forage and meal (if any) 
that are fed 

If we assume that the average phosphorus content of poor rough- 
age IS 0 1% and that the animals of the several feedmg groups are 
to receive rations of hay or hay plus grain to meet energy needs set 
out m the feedmg standard, we can prepare a table showing the sup- 

• J Agr Sci V 14 p 797 (1955) 
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plementary phosphorus that would be needed to meet probable short- 
ages (see Table 17-1). 


TABLE 17-1 Desirable Supplementary Phosphorus Levels for Beef 
Cattle 



Daily P 

requirement 

Phosphorus furnished daiiy in 

Additional P 

needed 

per day 

Category 

Meal 

Poor hay 


gms. 

gms. 

gms. 

gms. 

Growing heifers 

15 

8 

4 

3 

Young bulls 

18 

12 

8 

— 

Wintering 

calves 

12 

3 

6 

3 

yearlings 

12 

— 

9 

3 

heifers and cows 

16 

— 

10 

6 

Fattening 

calves 

16 

9 

5 

2 

yearlings 

20 

15 

4 

1 

2 yr. olds 

20 

15 

6 

— 


From these calculations one could draw the conclusion that beef 
animals fed poor roughage (0.1% P) might need up to 3 gms. of 
phosphorus per day in addition to that obtained in their normal feeds. 
It might be desirable to double this amount for pregnant heifers. 

The mgrecfi’ents of the mmeraf mixture, other than the phosphorus 
source, should include salt. Mineral mixtures without salt are not 
consumed uniformly well when offered as licks. 

Salt-Phosphorus Ratio. The principal ingredients contributing to 
the weight of the mineral mixture are the calcium-phosphorus carrier 
and common salt. The proportions of these two are of some impor- 
tance in the mixture if it is to be self-fed by itself. The ingredient 
which determines the quantity that will be eaten voluntarily is the 
salt. Hence if the salt forms too large a portion, the consumption 
of the other ingredients will be inadequate. 

Experiments indicate that voluntary salt intake by cattle on the 
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range is from 1 to 2 5 lbs per month Since we are concerned with 
adequate consumption of the mineral mixture, we are justified m 
figuring on the one pound per month salt intake, equivalent to 
15 gms per day If, now, we use the figure of 3 gms of phosphorus 
as the probable maximum daily requirement, then we shall need to 
provide something like 30 gms of a phosphorus carrier such as 
bone meal From these two figures we arnve at the proportion of 1 
salt plus 2 of bone meal as the basic part of the mmeral mixture, 
le , salt IS 33% by weight of the inineral mix This ratio obviously 
will change if we use a more concentrate source of phosphorus, but 
since several products carrying 12% or less of phosphorus are popu- 
lar, the basic figure of 33% salt in the mmeral mix is a practical 
working figure It also makes inclusion of any minor elements at the 
expense of the phosphorus carrier quite safe, and at the same time 
makes it possible to include the trace minerals m proportion to the 
salt, since the latter remains a constant 

There are also a few products carrying 20-24% of phosphorus 
now available for stock feeding If these are used, calculations will 
show that to supply the phosphorus needed with the same (15 gms ) 
salt intake, the proportions of salt to phosphorus earner will be 
about 1 1 To use the 1 2 ratio would be wasteful of phosphorus, 
though probably otherwise harmless Consequently, it might be desir- 
able to prepare two mmeral formulae — one to be used where the 
source of phosphorus was one or more of those products analyzing 
from 10 to 14%, and another for those of 20-24% phosphorus 

Proportions of Other Elements. Insofar as the other elements 
are concerned the feed manufacturer will probably wish to include 
iodine, cobalt, iron, copper, and perhaps manganese, and this inclu- 
sion IS justified on the grounds that the mix may be fed in many 
different areas, m some of which there may be need for some or all 
of these ingredients For local use any one or more of these trace 
minerals can be omitted without changing the mixing formula appre- 
ciably because of the small proportions in which they are used The 
more important consideration is the quantity that will be effective 
if they are to be included The use of too meager amounts results 
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in an ineffective supplement, while excesses are uneconomical, and 
nutritionally unnecessary. 


T^BLE 17-2 Flexible Formulae for Mineral Supplements for 
Cattle and Sheep Feeding {Figures are pounds unless other- 
wise noted) 


Source of mineral elemenh 

%of 

Phosphorus 

in carrier 

No. 1 

Using lower 
phosphorus 

carriers 

No. II 

Using higher 
phosphorus 

carriers 

Salt licks 

Mino'colclum phosphate 

24 


50* 

0 

Oi>calc)\)m phosphate 

20 




Bone meal 





steamed 

14 




char 

13 

67 * 


0 

raw 

10 




Rock phosphate 

9-13 




Salt (NaCI) 


33 

50 

100* 

Trace elements (added at 





expense of P carrier) 





copper sulfate gms. 


150 

225 

1.0 

potassium iodide gms. 


2 

2.8 

.2 oz. 

cobalt chloride gms. 


5 

6 

.5 oz. 

manganese sulfate gms. 


140 

210 

1.0 

Amounts of mixture to be 
consumed doily per adult 
to supply salt needs 


Beef 1.5 oz. 

Dairy 3.0 oz. 

1 .0 oz. 

.5 oz. 


* Minus total of trace elements used. 


Table 17-2 gives two pattern flexible formulae for mineral mix- 
tures for cattle and sheep in which the quantities of the trace elements 
arc adjusted to the salt level in accordance with experimental evi- 
dence and feeding standard recommendations. A salt lick is also 
included. These mixtures are flexible as to source of phosphorus and 
also in the sense that the trace elements may be omitted; but inflcx- 
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ible as to salt and the proportions of trace elements to salt where 
they ate included When consumed in amounts to result in a daily 
intake of 15 gms of salt the intake of the other elements should be 
adequate There is no evidence that larger consumption by individual 
animals will be harmful 

Requirements of Dairy Cattle Mineral Supplements 

The question now arises as to whether these mineral mixtures 
(Table 17-2) can also be used m the case of producing dairy cows 
or with beef animals being fed gram, particularly where it is desir- 
able for convenience and for the regulation of intake to mcorporate 
the minerals in the meal mixture Here our calculations must mclude 
the contribution of the meal allowance to the total requirement 
Table 17-1 indicates that beef animals receiving liberal meal allow- 
ances to permit fattenmg may receive enough phosphorus without 
special mineral supplementation However, much depends on the 
nature of the roughage in this case Jf, for example, the roughage 
consists largely of com cobs, its phosphorus content may be neg- 
ligible (corn cob meal carries only 0 02% phosphorus), and so, 
although the meal may supply appreciable amounts of this element 
It may have to be further fortified with phosphorus to make good 
the extreme deficiency in the roughage Refernng to Table 17-1 
again we can see that if the roughage cannot be depended on as a 
measurable source, a supplementary intake should be provided of 
perhaps 5 gms of phosphorus daily 

The voluntary daily salt intake by beef cattle of from 15 to about 
40 gms appears to be normal Thus if the mineral supplement is to 
be incorporated m the meal mixture, levels to provide 25 gms daily 
would not appear to be objectionable On this basts the mineral sup- 
plement could be composed of 2 parts of phosphoms carrier to 1 of 
salt as shown in Formula No 1 of Table 17-2 

Lactation Demands. For the dairy cows, lactation requirements 
will constitute an .ndditional factor With milking cows it is probable 
thnt the roaghace used will be somewhat higher m phosphorus than 
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for range beef cow or dry dairy stock. In addition, the meal ration 
will appreciably contribute to the phosphorus intake even to provid- 
ing a surplus over maintenance needs. The N.R.C. Feeding Standard 
calls for 0.7 gms. of phosphorus for each pound of milk produced. 
Babcock long ago suggested that one gram of salt be added to the 
ration for each pound of milk. Feeding standards also recommend an 
extra 7 gms. of phosphorus daily during the last three months of 
pregnancy. 

From this evidence we can calculate as an example the probable 
maximum need for supplemental phosphorus and salt for a 1000 lb. 
cow producing 30 lbs. of milk and receiving 20 lbs. of average rough- 
age plus 8 lbs. of a 16% protein meal mixture daily. 


> 

Phosphorus 

Salt 

Requirement: 

Maintenance 

10 gms. 

15 gms. 

Pregnancy 

7 

0 

Production 

21 

30 

Total 

38 

45 

Supplied in: 

Roughage 

9 

0 

Meal 

19 

0 

Supplement needed 

in 8 lbs. meal 

10 

45 


If the phosphorus carrier contains 10-12% of phosphorus then 
the cow of our example will require supplementary additions to her 
daily meal of 80-100 gms. of phosphorus carrier plus 45 gms. salt. 
These proportions of phosphorus to salt are those of Formula No. 1, 
Table 17-2. If the daily meal is 8 lbs. (as above) then it will require 
about 36 lbs. of such a supplement per 1000 lbs. of meal mixture, of 
which 12 lbs. would be salt. This is slightly more than the 1% which 
the N.R.C. Standard indicates will usually meet requirements. Also, 
such a mineral supplement, if used at a level of 3% of the meal 
will provide 15% less phosphorus than shown as needed in our cal- 
culation. Wc should note, however, that an allowance to cover preg- 
nancy was included in the example. Tliis extra is called for in feed- 
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mg standards only during the last three months of pregnancy Delet- 
ing this extra allowance of phosphorus would reduce the calculated 
daily bone mean requirement some 25% during most of the lactation 
period Consequently, the inclusion in the milking cow meal mixture 
of 3% of Formula No 1, or of 2% of Formula No 2 (Table 17-2), 
can be expected to meet the needs as nearly as is demanded m prac- 
tical feeding practice 

Mixed Mineral Supplement for Swine 

The problem of am\-mg at the basic makeup of the swme mineral 
supplement is not comphcated by the matter of a variable rou^age 
contnbution to the elements needed With swme the major mmeral, 
other than common salt, which is likely to be needed in supplemen- 
tary amounts, is calcium Because of the gram mtake the phosphorus 
requirement is usually met from this source 

Calcium Carriers. Calcium earners can be roughly divided into 
two groups The one includes products that do not also contain phos- 
phorus These furnish 36 to 40% of calcium, chiefly m the form of 
calcium carbonate The other group is made up of calcium phos- 
phates, and these run from about 23% for the raw feeding bone meals 
to 30% for edible steamed bone meal, with the various rock phos- 
phates falling within this range 

Thus, since the salt requirement is relatively a constant, it may be 
desirable to consider two basic formulae diflermg accordmg to which 
type of calcium earner is to be used 

As with cattle mineral supplements the amounts of the trace min- 
erals may conveniently be expressed quanutalively in relation to the 
salt Inclusion or omission can be at the expense of the calcium 
earner without measurable harm to the usefulness of the mixture 

Calcium-Salt Ratio. The proportions of the calcium earners to 
salt can be calculated directly from the 1953 N R C Feeding Stand- 
ard The quantities of the other ingredients ha\e also been taken from 
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this standard or, where necessary, from data in the more recent 
literature (see Table 17-3). 


TABLE 17-3 Flexible Formula for Swine Mineral Supplements 
{Figures are pounds unless otherwise noted) 




No. 1 

No. 2 


^ of element 

Using high 

Using low 

Source of mineral elements 

in source 

Ca carriers 

Ca carriers 

Calcium carbonate 

40 Ca 



Oyster shells 

38 Ca 

75* 


Ground limestone (high Ca) 

36 Ca 



Steamed bone meal (edible) 

30 Co 



Raw feeding bone meals 

23 Ca 


85* 

D-ealelum phosphate 

23 Co 



Rock phosphates 

23-30 Ca 



Sail (NaCI) 


25 

15 

Trace minerals (to be added at the 




expense of the Co corrier) 




Ferrous sulfote 

37 Fe 

130 gms. 

60 gms. 

Copper sulfate 

25 C« 

6 gms. 

4 gms. 

Potassium Iodide 

76 1 

8 mgs. 

5 mgs. 

Zinc chloride 

48 Zn 



Quantity of mixed supplement to Include 




in each 1000 lb. batch of ration 


20 lbs. 

33 lbs. 


* Minut total of trace minerals. 
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CHAPTER 


Flexible Formulae for Cattle 
Meal Mixtures 


TO ARRIVE at a basic formula for cattle mixtures the same 
procedure in principle as outlined in Chapter 16 may be followed. 
There are however two factors to be considered that were not dealt 
with in discussing the scheme of flexible ration formulation. The first 
is that quality of protein is a negligible problem in the choice of 
fecdstuffs with herbivors, and the second relates to the protein levels 
of the basal feeds. 

Corn vs. Barley as the Basis of 

Cattle Meal Rations 

To be realistic, we must recognize that basal feed mixtures used 
in cattle feeding arc esentially of two kinds. The one is based on 
com (or milo), and the other is based on the coarse grains, barley 
and oats. Combinations in which corn predominates will not average 
12% protein as used for convenience in our example in Chapter 16. 
They will, in fact, be closer to 10% T.C.P., unless the use of wheal 
bran is higher than is usually desirable. Using the analyses given by 
Sclmcidcr we find for corn grains figures for T.C.P. of: 

9.6% 

9.0% 

9.3% 
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and the NRC Committee gives m the table of typical analyses for 
dairy cow feeds as used, values forD CP equivalent to T C P of85% 
for dent and 9 5% for flint corn of No 2 grade, while the beef com- 
mittee figures on com of only 8 5% TCP Thus, if 3 parts of the 
basal feeds by weight were com or milo and the balance made up of 
coarse grams, the basal mixture would not exceed 10% TCP If 
we also used molasses it would be safer to calculate the total protein 
of the basal category of the mixture as 97o 

On the other hand, when com does not dominate the meal mix- 
ture, either barley or oats are likely to be emphasized, with the 
result that the basal feed combination will usually carry close to 12^ 
of TCP 

Thus It would seem worthwhile to present two flexible formulae, 
one based on heavy com feeding and the other on coarse grams 
The difference between them will be m the proportions of basal feeds 
to protein supplement, the minerals remaining the same m each This 
division will also roughly separate, for meal rations of the same pro- 
tein level, beef cattle and dairy cattle mixtures m the sense that the 
former perhaps mote than the latter will tend to emphasize heavy 
corn or milo feeding 

Protein Level of the Formula 

From previous discussions it seems evident that three dairy cattle 
mixtures must be considered One would be for young animals and 
might well be called a calf meal and the evidence is that it should 
carry at least 20% of T C P We have also shown that other classes 
of dairy cattle fed according to standard feedmg practice should 
have meal mixtures carrying eiiher 16% or 18% of T C P In addi- 
tion, one of 14% should be included for some classes of beef cattle 
Of these three the 16% is probably the most popular, and it may, 
therefore, be logical to deal first with a meal mixture of this protein 
level 

In these formulae it will be well to subdivide the protem supple- 
ments, one group to include the oilmeals where the protein content 
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ranges from 30-45%; the other to include the distillery and brewery 
by-products where the protein ranges from 20-30%. 

Fccdstuffs Included. The feedstuffs most often used in the prepa- 
ration of cattle meal mixtures have been included in this formula, 
and typical total crude protein and total digestible nutrient figures 
to the nearest whole percentages have been entered opposite each 
of the feeds listed (excepting for the mineral supplements). For 
simplicity the mineral component has been shown only in total 
pounds of one or another of the supplements discussed in Chapter 
16 and shown in Table 17-3. 

In the column headed “Recommended Formula” we have shown, 
the quantities of the several feeds making what might be considered 
as a first choice combination. The first choice means merely that 
if neither price, availability, nor any other features (except nutritional 
usefulness) are factors, these quantities might be considered to give 
a mixture having fewer peculiarities limiting its use than many other 
combinations we could make. It Is a sort of guide in the use of 
the possible substitutions. , 

In the columns headed “Minimum Limit” and “Maximum Limit” 
are figures intended to aid in preparing satisfactory combinations 
where factors other than, or in addition to, nutritional properties 
must be considered. Table 18-1 presents a completed, flexible for- 
mulae for a 16% protein cattle meal mixture in which the basal feed 
combination to be used is expected to average 10% total crude, 
protein. 

Proportions of Groups. The proportion of the main groups may 
be arrived at as follows. It will be convenient and reasonable to con- 
sider that the oilmeals will average 40% and the distillery-brewery 
by-products about 25% T.C.P.; and that in practice we might use 2 
or 3 parts of the former to one of the latter. Thus the mixed protein* 

' supplements would, in practice, average about 35% T.C.P. There- 
fore, we could calculate for the 10% T.C.P. basal feed combinatio.ns 
the proportions of tlic formula in a 1000 lb. mix as: 
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Basal feeds'! 
plus 20 lbs j- 107c 
of minerals J 



, - r740 lbs. basal feeds 
19 parts - 20 lbs. minerals 


Protein 

supplement 


6 parts = 240 lbs. protein feeds 
25 parts 1000 lb batch 


TABLB 18-1 Flexible formiito for JOOO Lbs. of a I6*^c Vroicm 
Cattle Meal Mixture (Basal feeds a\eraginq lO^c protein) 


Mam 

Group* 

Subgroups 

Fcedslwflt 


Min. 

rmil 

Mo*. Peeemm^nt^*** 

Bm 1 formula 

Nome TCP. 

IDN 



Hominy feed 

It 

85 

0 

400 




Corn 


80 500 

600 

soo 

Botal F««dt 


Milo 

n 

BO 

0 

500 


(a« tO^ 


V/heol 

15 

83 

0 

240 


protem) 


Barley 

13 

71 

0 

240 


740 Ibt 


V/heol shorts 

17 

64 

0 

240 




Oats 

13 

66 

0 

240 




Wheat bfon 

16 

57 

0 

240 

130 



Molostes 

3 

72 

0 

BO 

80 


(30 45% 

Peanut oilmeol 

44 

80 

0 

100 



protein) 

Gluten meal 

41 

76 

0 

100 



160 Ibt 

Unseed oilmeol 

36 

76 

0 

160 


Protein 


Soybean o Inseol 

44 

73 

0 

160 

90 

Supplemer 

Its 

Cottonseed meal 

41 

79 

0 

100 

too 

protein) 

(20 30% Com i! st pro ns 

27 

81 

0 

80 

80 

240 lbs 

protein) 

Gluten leed 

3S 

75 

0 

80 



80 lbs 

Brewers V° ns 

22 

60 

0 

80 


Minerols 


No 2 Mix 



20 

20 

20 

20 lbs 


(Tobte 17 2) 






Vitamins 


Vtt A fas carotene) 



lOgi 

ns 10 gms 
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Table 18-2 presents another 16% protein cattle meal mixture for- 
mula based on the use of a selection of basal feeds that will average 
12% protein. It will meet conditions where the coarse grains and 


TABLE 18-2 Flexible Formula for 1000 Lbs, of a 16% Protein 
Cattle Meal Mixture (Basal feeds averaging 12% protein) 


Main 


Feedstuffs 


Min. 

Max. 

Recommended 

Groups 

Subgroups 

Name 

T.C.P- 

TDN 

limit 

limit 

formula 



Hominy feed 

11 

85 


200 




Corri 

9 

80 


200 


Basal Feeds 


Milo 

It 

80 


200 


lov. \ 7 % 


Wheat 

15 

83 

0 

300 


proteinl 


Barley 

13 

71 

300 

500 

400 

790 lbs. 


Wheat shorts 

17 

64 


250 




Oats 

12 

66 

150 

400 

310 



Wheat bran 

15 

57 

0 

200 




Molasses 

3 

72 

0 

80 

80 


30-45% 

Peanut oilmeol 

44 

80 

0 

70 



protein 

Gluten meal 

41 

76 

0 

70 


Protein 


linseed oilmeol 

36 

76 

0 

130 

60 

Supplements 

130 lbs. 

Soybean oitmeol 

44 

73 

0 

130 

70 

(35% 


Cottonseed meal 

41 

79 

0 

70 


protein) 

20-30% 

Corn disf groins 

27 

81 

0 

50 


180 lbs. 

Protein 

Corn Gluten feed 

25 

75 

0 

50 



50 lbs. 

Brewers' groans 

22 

60 

0 

SO 

50 

Minerals 


No. 1 Mix 






30 lbs. 


ttoWe 17-2) 





30 

Vitamins 


Vit. A (as carotene) 




10 gms 

. 10 gms 


perhaps also wheat will be more economically available than will 
com or milo grain. 

It may be well now to examine the make-up of these meal mixtures 
in some detail. 
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Basal Feeds. In these formulae nine commonly used feeds be- 
longing to the low-protein category are included They haj be” 
listed roughly in descending order of their TDN contents ■ 
exception of molasses, dinerences in protein between *=^0 ee<ls 
from the practical feeding standpoint, are relatively minor All tn 
other feeds carry between 9 and 16% protein, and we know from 
expenence that mixtures of them, as found in pracucal rations, 
usually work out to about 9% protein in com feeding areas and 
12% where coarse grams are emphasized 


Maximum Limits. The figures set in the maximum column are 
such that at least two feeds must be used from the basal category We 
might argue that it doesn’t matter whether there is more than one 
basal feed m the cattle meal mixture or not, and theoretically this 
statement is true It is also equally true that a mixture that contains 
more than one basal feed may be less restricted m its use, since the 
characteristics of any one feed do not predominate Most fecdstulTs 
have unique properties that limit their unrestneted use, especially m 
dairy cow rations Skilled feeders who prefer to employ larger than 
the maximum limits set for any one of these products can do so 
But for the less expeneoced, a mixture of basal feeds is partial in- 
surance against a ration that might be somewhat undesirable in spe- 
cific cases 

Specifically the use of over 500 lbs of hominy or of corn m a 
1000 lb mix will tend to produce a heavy ration, which, if fed m 
large amounts, may have more of a tendency to put animals “of! 
feed’ than a bulkier ration might do More than 500 lbs of barley 
will sometimes render a ration somewhat unpalatable so that large 
allowances will not be readily eaten by high producing animals 
requirmg liberal feed This unpalatabihty is more often due to the 
presence of weed seeds or other ‘ dockage" than to the pure barley 
Consequently, the problem is one of the quality of barley used With 
samples of barley of high punty and free from heat or weathering 
damage, the 500 lb maximum can safely be lifted Wheat, if fed m 
quantities much over one-third of the ration, tends to produce a heavy, 
pasty and somewhat unpalatable ration especially if finely ground 
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Oats, on the other hand, if included as much more than 40% tends 
to result in a mixture of undesirably low TDN content, and of which 
a correspondingly larger allowance must be fed to meet specified 
energy requirements. Wheat bran, for the same reason, is limited to 
25% of the total ration. Even this amount of bran, unless counter- 
balanced by some of the heavier feeds, will result in too bulky a 
ration for normal feeding levels. 

Experimental evidence indicates that 8% molasses in a meal mix- 
ture is about all that can safely be incorporated without the danger 
of the feed becoming lumpy on storage and in some cases of turn- 
ing sour, especially during warm weather. 

Minimum Limits. The minimum limits that have been incorporated 
for the basal feeds present a somewhat different problem. One might 
put zeros for all of these feeds and justify it on the grounds that the 
maximum limits aiready require two feeds to be used, together with 
the fact that nutritionally the choice of feeds is probably almost im- 
material. On the other hand, setting no minimums would make it 
possible for the basal portion of this ration to consist entirely of com 
and wheat. Such a combination in the eyes of most practical dairy 
cow feeders would be undesirable, though beef feeders might not 
object to it. The feed would be heavy and tend to be pasty. Conse- 
quently, minimum limits have been set in the “coarse grain” formula 
for barley and oats — two feeds, which together can constitute a satis- 
factory dairy cow meal mixture insofar as the basal feeds are con- 
cerned — which when used in combinations with tlie heavier feeds 
will correct the undesirable physical properties of the latter. The 
maximum limit set for oats prevents its use beyond half the basal 
feeds. This is insurance that the ration will not be too light and bulky, 
even if the combinations of barley and oats should constitute the 
whole of the basal feed section. 

Wc should call attention to the fact that no minimum appears 
for M'heat bran, in spite of the fact that in some districts feeders seem 
to be of the impression that it should not be omitted from a dairy 
ration under any circumstances. Bran has a particularly high phos- 
phorus content, and if feeders do not wish to use phosphorus-con- 
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taming minerals, they may use bran to help prevent phosphorus 
deficiency However, the feed is exceedingly bulky and its inclusion 
m any appreciable proportion in the meal mixture increases unduly 
the quantity of feed requited to meet given energy needs 

High Protein Feeds. In these pattern mixtures we have indicated 
that four protein feeds are preferred Here, again, using more than 
one IS not a nutritional necessity, especially in the preparation of a 
ready-to-feed mixture Several feeds have been included, however, but 
for another purpose From this 16% formula can be derived a 
mixed mineral protein supplement suitable for use in preparing cattle 
meal mixtures at home with farm grown grains Where such supple- 
ments contain a variety of feeds they are less likely to have peculiari- 
ties that might limit their use with some combinations of farm grains 
Note in connection with the protein supplements that the ratio 
of the oilmeal group to the lower protein group is fixed in order to 
give a final combination of 35% protein Finally, commercially pre- 
pared mixed protein supplements normally involve a variety of feed- 
stuffs so that price fluctuations can be cushioned by adjustment of 
proportions of the feeds used 

Among the oilmeal group there is no preference between linseed 
oilmeal or the soybean oilmeal insofar as the nutritional properties 
are concerned There may be some reason however, to hmit peanut 
oilmeal and cottonseed oilmeal somewhat, because these products 
have diRerent qualities This is especially true with cottonseed meal 
Insofar as gluten meal is concerned the amounts that can be used are 
limited because of its physical nature It is a heavy concentrated type 
of feed, and if combined with corn or hominy will result in a mixture 
heavier than is desired for best dairy cattle feeding 

With the 20-30% protein subgroups we have indicated no choice 
between the three feeds listed We should point out, however, that 
whereas corn distillers grains and gluten feed carry around 80% 
TDN brewers’ grams arc deadedly light and bulky Consequently, 
brewers grams when used should not be combined with feeds of the 
basal group that are also on the light side Obviously, therefore, there 
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can be no minimum limit set within either subgroup for any of the 
common feeds. 

Mineral and Vitamin Supplements. Of the 20 or 30 lbs. of min- 
eral supplements that are called for in these formulae, the amount of 
salt is fixed at 10 lbs. per thousand of complete ration (see also 
Chapter 16). 

Whether or not it is necessary to add any Vitamin A and D 
supplement to a mixture of this kind will be questioned by different 
authorities. Primarily it will depend on what kind of roughage, is being 
fed and whether or not cattle are exposed to ultra-violet rays of the 
sun. We do know, however, that Vitamin A, or its precursor carotene, 
is critical during the last part of the pregnancy period in connection 
with the normal development of the calf, but if requirements for the 
maintenance of the cow and her fetus are met there is no evidence 
that additional amounts will be necessary to maintain maximum lac- 
tation. However, the concentration of Vitamin A in the milk will be 
dependent to some extent on the amount of Vitamin A in the cow’s 
ration in excess of her maintenance needs. Consequently, in these 
formulae 10 grams of carotene or its equivalent in Vitamin A, are 
recommended as a minimum inclusion. This should be sufficient to 
supply the maintenance requirements plus the pregnancy require- 
ments without any Vitamin A coming from the roughage. Any quan- 
tities in excess of this figure as supplied by the roughage will con- 
tribute toward a high Vitamin A content of the milk produced. 

Insofar as Vitamin D is concerned there is no evidence on which 
to base a probable requirement. It is believed that Vitamin D Is re- 
quired, but it is also believed that under normal conditions an ade- 
quate quantity is supplied through sun-cured roughage, particularly 
if cattle during a part of the year are on pasture and hence exposed 
to direct rays of the sun. Consequently, no figures are included in 
these formulae for Vitamin D; nor are there any other vitamins 
which arc needed as supplements in the preparation of meal mixtures 
for cattle stock. 
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A Protein Supplement for Use tn 
Preparing Cottle Meal Mixtures 

Refemng to the l6^o protein flexible formulae on page 362, 
can see that the ration consists of three major groups of fccdstulTs 
The first includes the basal feeds, the next is the protein supplement 
fraction, and the third the mineral supplement Each of these nia) 
be considered as units, and if the protein group and the mineral group 
are expressed on the basis of a 1000 lb and a 100 lb batch respec- 
tively they become useful in preparing meal mixtures of differing 
protein levels Tables 18 3 and 18-4 show these protein and mineral 
mixed supplements 


TABLE 18-3 Flexible Formulae for a 35% Protein Siipploftent 
for the Preparation of Cattle Balanced Meal Mixture 


Group 

Moi mum t m tt at In 


Exprttltd on 1000 lb boo 

1S% proltin formulo* 




(opproi.1 

Toblu 18 1 

Tcbl« 18 7 


Maximum 



100 

70 

Feonul ©tniuol 

380 

— 


100 

70 

CMen ravol 

380 

— 

70% 

ISO 

no 

lm«ud e Iffluol 

710 

210 


160 

130 

Soybuon © Imael 

710 

250 


100 

70 

C©ttonM«d muol 

380 

250 


80 

50 

Corndtiflurt prolnt 290 

— 

30% 

80 

50 

Com 9M«n lead 

290 

290 


80 

50 

Qrolni 

290 

— 


Flexible Formula for 18% Dairy Cow 
Meal Mixture 

One of the simplest ways of preparmg an 18% dairy cow meal 
IS by rnodifymg the proportions of protein and mineral supplements 
found m the 16% formula As we showed m Chapter 16 this is very 
simply done by considering the basal and the mineral groups as one 
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The protein supplement carries 35%. protein. Hence, for an 18% 
protein mixture we calculate (using basal feeds averaging 12% 
protein) : 


Basal feeds'! 
plus 30 lbs. ^ 12% 
of minerals J 


Protein "I 
supplement j 



35% 


. (710 lbs. basal feeds 

17 parts = I 


6 parts = 260 lbs, protein supplement 
1000 lb. batch 


Such a mixture can be made by using the same possible substitutes 
among the basal feeds as was indicated with the original 16% for- 
mula, and, of course, the formula for the mixed protein supplement 
can also be modified through the use of alternative products, as in- 
dicated in the flexible formula for the supplement. 


Using the Protein and Mineral Supplement. If we wish to pre- 
pare a 14% protein ration for cattle, such as might be useful 
for fattening beef stock, or for dry dairy cows, or for cows on 
pasture, we may use the same procedure. These possibilities are 
shown in Table 18-4. 


TABLE 18-4 Proportions of Feed Croups to Prepare WOO lbs. 
of Cattle Meal Mixtures of DiOerent Protein Levels 


% protein 

Batol feed* of 12^ protein 

Botol feedi of lO^o protein 

wonted In 



Mineral 



Mineral 

find 

Botol 

Protein 

•wppl. 

Botol 

Protein 

tuppl. 

mliture 

feed* 

loppl. 

No. 1 

feedt 

tuppl. 

No. 2 

U 

860 

90 

30 

820 

160 

20 

u 

790 

160 

30 

740 

340 

30 

IS 

710 

260 

30 

640 

340 

20 

20 

620 

3S0 

30 

360 

420 

20 
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Hints for Formulation of Cattle Meal Rations 

Typical flexible formulae for meal mixtures suitable for feeding 
cattle have been given m the preceding pages However, it is possible 
by selections within the permitted toleianccs to compound meal mix- 
tures having undesirable characteristics Accordingly, the following 
hints may be useful m avoiding such situations 

The fiber content of the meal mixture should probably seldom 
exceed 12% As the fiber content increases appreciably above this 
level, the TDN of the mixture is likely to be lowered enough to affect 
the quantities of feed that have to be consumed to meet energy rC" 
quirements A fair guide m this respect is to sec that the meal mix- 
ture does not weigh less than 8 lb per quart When making such 
measurements pour the meal mixture into a quart measure, or other 
container* to be used, until the measure overflows Then with a 
small stick push off with one pass the feed that lies above the level 
of the rim of the measure Do not pack the feed, either by pressure 
or by agitation of the measure It will also be desirable to take 3 
or 4 tests on the same feed to get a reliable weight per quart figure 
An erroneous measure will be misleading as to the TDN m the mix- 
ture 

Avoid the fine grinding of cattle feeds Experiments indicate that 
grains that have been broken into three or more pieces are just as 
digestible as though they had been finely ground Coarsely ground 
feeds are more palatable to cattle than fine material Grinding oat 
hulls or straw into a powder hides them in a meal mixture, but does 
not make them any more valuable for feeding Some commercial 
mixtures for cows are now prepared by rolling or crushing a portion 
of the matenals and pelleting the finer particles m order to avoid the 
dusty nature of finely ground products 

Though useful m small amounts when available at economical 
prices, wheat bran is not an essential ingredient m a satisfactory 
dairy cow meal ration It should always be restricted to 25% or 
less of the total mixture re^rdless of any other consideration, largely 
• Preferably one that is relaUvely deep for its diameter 
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because of its low TDN and consequently its diluent effect on the 
useful energy of the meal mixture. 

Flexible Formula for 22% Protein Calf Meal 

{Calf Starter) 

The flexible formulae we have presented so far in this chapter have 
been for meal mixtures intended for cattle stock over six months of 
age. More specifically they are suitable for animals after an age at 
which the rumen has become fully functional. They are normally fed 
in conjunction with roughage, which represents from half to nearly 
all of the total ration. 

It now remains to present a formula of a type suitable for young 
dairy animals — animals from one month and perhaps up to six 
months of age. For the youngest calves such a mixture will be a 
possible milk substitute where animals are weaned from milk be- 
tween 21 and 30 days of age. As such the mixture can be made into 
a water gruel for feeding; or it may be fed, preferably in pellet or 
crumble form, as a dry feed, if this Is the calf-raising scheme being 
followed. 

As with the previous flexible formulae, some latitude is permitted 
in the selection of the feedstuffs, but the substitutions are fewer and 
more restricted than with rations for older animals. This restriction 
is a reflection of more critical nutritional requirements plus much 
less factual information regarding the needs of animals of this cate- 
gory. The recommended formula has been found in practice to be 
satisfactory, but how far it can be modified through ingredient selec- 
tion is not known. The maximum and minimum limits arc therefore 
based on the general nutritional properties of the feeds rather than 
on any practical experience with combinations that can be made. 

Stihstitutions and Special Addilhes. Among the basal feeds there 
arc few restrictions on substitution. The feeds shown arc interchange- 
able within wide limits for all classes and ages of farm animals. In 
general, however, the tnaxittuim of tMts sliould not be employed with 
the joungcr calves because of the fiber content. 
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TABLE 18-5 Flexible Formula for 22% Protein Calf Aftal (Calf 
Starter) 


Moior 

groups 

Subgroups Fecdstufts 

M nimum Mai mum 

Fm! Tmt Recommended 


Oot grooti 

0 

250 

200 

Basal Feeds 

Hem ny teed 

0 

250 


590 ibs 

Corn 

100 

250 

100 

(12% 

Wheal m ddl ngs 

50 

115 

115 

prole nj 

Ools 

100 

300 

100 


Molasses 

0 

75 

75 


Soybean oineol 

too 

250 

125 


(43% Lnsced o Imeal 

0 

150 

125 


prole n) Wh IcSsh meal 

25 

50 

30 


Total Meal meet 

0 

30 

30 

Supplemenl 

320 lbs. Sk mm Ik powder 

5 

50 

10 

380 tbi 

(24% Or ed brewers yeast 

5 

10 

10 


prole nj Or ed cereot gross 

25 

50 

50 


Told Alfalfa leaf neel 

0 

50 



60 tbs 





Bone meet 

20 

20 

20 

M nerols 

Fine salt 

10 

10 

10 

30 lbs 

Potass um tod de 

0 

A gm 

6 gm 


Coboll sulfate 

0 

IJ gms 

1.5 gms. 


Ribeflov n ( u) 

2 000 000 

? 

2 000 000 

Vtom ns 

Added to Carotene 

0 


3 gm* 


10001b VtamnA{i.w) 

0 

10 000 000 



tn » VfomnD(4») 

2/300 000 

1 

7 OOOOOO 


VtamnBt 

Ant b 9t e 

0 

20 gms. 

T 

20 gms. 


It IS m the protein supplements that more judgment must be exer- 
cised, since quality of protein is an important factor Calves of this 
age group should not be considered to be independent of ration 
sources of essential ammo acids 

There is general agreement that of the plant sourees sa}beM 
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proteins are of higher biological value than the others, except for 
wheat germ or corn germ where only the embryo proteins are in- 
volved. Lysine and/or methionine will usually be the important limit- 
ing amino acids with most feeds of plant origin. To enhance this 
deficiency low fat fish meal and meat meal have been included, with 
the former carrying a minimum figure. As an added protection against 
low quality, a minimum of 5% of skimmilk powder is also called for. 

Three potential natural sources of the Vitamin B complex are 
included, two of which carry minimum figures. Either the cereal 
grass or the alfalfa leaf meal will also provide carotene. 

In addition to the natural feedstuffs this formula is spiked with 
pure riboflavin, and carotene (or Vitamin A); and with concentrates 
of Vitamin D, and an antibiotic. This group of additives is, in general, 
included without much basic knowledge of the quantities actually 
required, and the values given are therefore subject to revision (prob- 
ably downward) as more information becomes available. We do not 
believe that any excesses the figures may represent are likely to be 
incompatible with normal health or the normal development of calves. 
There is some doubt whether Bi 2 is needed. We have entered it in 
the formula only to indicate its maximum limit if it is to be included. 

A calf starter meal would normally be discontinued for reasons 
of economy in favor of an 18%, or after an age of 12 months a 
16% protein cattle meal mixture, though there is no nutritional 
reason for making such a change. 

The Flexible Formulae in Practice 

That the mixing formulae for commercially prepared balanced 
rations vary from time to time in accordance with fluctuations and 
availability of ingredients is no secret. Indeed, one of the older argu- 
ments for home mixing of feeds was that those made commercially 
to closed formula were never twice the same. The obvious impli- 
cation was that change in formulae was nutritionally undesirable. 
Such arguments arc not often heard today, the principle of legitimate 
feed substitution being recognized as immaterial nutritionally, and a 
practical necessity economically. Feeders generally, however, have 
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little idea ol how oltcn or to what extent the mixture formulae are 
actually changed The fact that the performance of the animals is 
not altered delectably m consequence of such changes is praclica 
evidence that the feeder need not ^^orry about them 

As a matter of interest, however, a tabulation of the authentic 
formulae of one of the leading feed manufacturers m Canada of their 
first grade 16% protein dairy cow meal mixture over a 2->car period 
from April 1953 to April 1955 is shown in Tabic 18*6 The month 
when each change occurred is also shown Tlic small quantity of 
trace minerals m the formulae has been omitted, however, since it 
was constant It will be noted that the quantities of bran and shorts 
have been essentially constant and reflect a constant supply of a b\- 
product of their own flour milling operations Molasses, added largely 
for its favorable elTect on the physical nature of the ration, has fluctu- 
ated but little Then, as we examine the formulae further, \'C can 
see that the minerals have been constant except for a change from 
bone meal to dicalcium phosphate The protein supplements, howcver» 
have been exchanged to varying degrees As a matter of insurance 
against local shortages of individual feeds several protein feeds have 
been included and, consequently, the absolute amounts involved m 
an exchange of 50% of the gluten for a like amount of distillers’ 
grains would involve only 40 lbs of cither one per ton of ration Such 
changes could not be expected to be of nutritional significance m 
any one mixture But in the overall feed mill operations with a full 
line of mixed feeds, cutting in half the quantity of gluten used might 
easily involve several carloads of the ingredient over a relatively short 
time period 

Among some of the feeds, however, there have been more drastic 
substitutions For example, m one case, 300 lbs of screenings were 
replaced abruptly by 200 lbs of barley plus 100 lbs of wheat, m 
another, 100 lbs of bran was replaced by 100 lbs of oats Also 120 
lbs of linseed oilmeal was replaced by 60 lbs each of cottonseed and 

rapeseed oilmeals 

Altogether 20 ration changes have been made, or about one a 
month though not on any schedule, but rather largely according to 
ingredient price By such procedures the selling price to the feeder can 
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be kept reasonably stable Mamlcnancc of volume of sales and par- 
ticularly maintenance of repeat sales is evidence that feed substJtu* 
tions are m the best interests of all concerned 


SUGGESTED UEAIHNG 


Feeders Guide and Formulae for Meal Quebec Provincial 

Feed Board E W Crampton, Secretary, Prov Dept of Agr . 
bee. Can (195S) 



CHAPTER 


Flexible Formulae for Swine 
Meal Mixtures 


DATA PRESENTED in Chapter 15 indicate that meal mixtures 
of three different protein levels are required for swine. Of the three, 
the 15% mixture will normally be required in the largest quantities 
in any pig feeding program. Accordingly, it may be well to deal with 
this mixture first. 

Two 15% Protein Flexible Formulae 
for Swine Meal Mixtures 

Table 19-1 gives a flexible formula for a swine meal mixture 
carrying 15% of total crude protein. The basal feeds are to carry 
12% T.C.P. A second formula where the basal feeds combination 
carries only 9% protein is shown in Table 19-2. A considerable 
selection of basal feeds has been included in the formula for reasons 
that will be evident shortly. Also, some of tlie animal protein group 
arc included, because with swine we have to select feeds that will 
assure the presence of essential amino acids. As with cattle rations, 
little choice is given in connection with the minerals and none with 
the vitamin supplementation. 

TIic maximum limits of individual basal feeds has been set so that 
at least two basal feeds must be employed. This variety among the 
basal feeds is not likely to be of any consequence in correcting 
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TABLE 19-1 Flexible Formula for 15% Prolein Swine 
Mixture {Basal feeds to axerage 12% protein) 


Mom 


Mimmum 

Maximum 


group* 

Subgroups 

Feedstvffs 

limit 

limit 

Recommended 



Oal groats 

0 

100 




Pice pol sb 

0 

100 




y/keat 

0 

300 



Grams 

Hominy feed 

0 

500 


Boial 

525 lbs 

Corn 

0 

500 

200 

Feeds 

minimum 

Pye 

0 

200 


872 lbs 


Barley 

200 

500 

300 

toy 12% 


Feed Bour 

0 

100 


prelem) 


Oats 

100 

375 

200 


Mil' feeds 

Shorts (slondord 





250 lbs 

middi ngs) 

0 

250 

175 


maximum 

Wheat bron 

0 

200 




Peanut oilmeel 

0 

50 



Plant 

Soybean oilmeel 

0 

80 


Prolein 

origin 

Cottonseed meal 

0 

50 


supplements 80 lbs 

linseed oilmeol 

0 

80 

eo 

(ay 45% 


Brewers’ yeost 

0 

50 


ptol.m) 

Animal 

Fish meol 

10 

30 

15 

110 lbs 


Meal meol 

0 

30 

15 


30 lbs 

Skimmillc powder 

0 

30 




Butte’^IV powder 

0 

30 


Minerals 


Mixture No 1 

IS 

15 

15 

15 lbs 


iToble 17-3) 



Vitom.nA(iu) 600.000 1,000,000 800,000 

VtomnDfiul onn 

1,000 900 

VitOTTun Br (mgt) 5 10 5 
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TABLE 19-2 Flexible Formula for 15% Protein Swine Meal Mix- 
tures {Basal feeds to average 9% protein) 


Mom 



Minimum 

Maximum 


groups 

Subgroups 

Feedstuff 

iimit 

limit 

Recommended 



Oat groats 

0 

too 




Rice polish 

0 

too 




Wheat 

0 

300 




Hominy feed 

0 

300 


Basal Feeds 

Groms 

Corn 

490 

790 

790 

(ov 9% 

540 mini* 

Rye 

0 

200 


protein) 

mum lbs 

Barley 

0 

300 


790 tbs 


Feed flour 

0 

too 




Oats 

0 

200 



Mil' feed 

Shorts 

0 

200 



250 maxi 

Wheat bron 

0 

200 



mum lbs 







Peanut oilmeol 

0 

90 



Plant 

Soybean eilmeol 

90 

140 

80 

Protein 

origin 

Cottonseed oilmeol 0 

90 


Supplement 

140 lbs 

linseed oilmeol 

0 

90 

60 

(ov A5% 


Brewers yeast 

0 

50 


prote n) 

195 lbs 


Fishmeal 

20 

55 

25 

Animol 

Meotmeai 

0 

55 

30 


origin 

Skimmifk powder 

0 

55 



55 lbs 

Buftermi'k powder 

0 

55 


Minerals 


Mixture No 1 

IS 

15 

15 

15 lbs 


(Toble 17*3) 




V/famm 


Vif A fi u ) 

BOO.OOO 

1.000,000 

800.000 

Ant bioi e 


Vil 0 (ivf 

900 

1,000 

900 

Supplement 


Vt Btsfmgs) 

5 

10 

5 



Am biotic (emij 

5 

10 

5 
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low quality o£ protein, however, since all basal feeds arc deficient 

in lysine 

The Protein Supplements 

Only one high protein feed of the plant group has been put into 
one of the final formulae Many would question the choice of linseed 
oilmeal m this position In some districts where so}hean oilmenl is an 
important and economical feed, it might well be chosen m preference 
to linseed oilmeal However, inasmuch as the use of soybean oilmeal 
will not fully correct the low biological value of the basal feeds, 
the choice of the high protein feed from the plant group will not be 
critical 

The quantities of meat and fish meat arc such that at least lO**? 
of the total protein of the ration will come from these two sources 
Here we should note that there is a minimum limit set on fish meal 
The reason tor this comes from experimental evidence indicating 
that when high grade fish meal is included m the ration, the perform- 
ance of the pigs lends to be somewhat belter than when it is omitted, 
even though meat meal is also included 

Brewers yeast has been included as a possible choice up to 5^o 
Price will normally keep this feed at a minimum if it is used at all 
Brewers’ yeast is high m pantothenic acid and wherever “goose- 
stepping or incoordination m the gait has been found with growing 
pigs the use of some source of pantothenic acid has frequently cor- 
rected the trouble Swine rations based largely on barley and oats 
tend to be borderline m this vitamin Consequently, it is included as 
a possible selection Since it furnishes about 40% protein it is cor- 
rectly classed in the protein group 

The mmeral supplement is that discussed and formulated m Chap 
ter 17 (see Table 17 3) 

The quantities of Vitaium A and Vitamin D we have recommended 
represent the evidence that .s available at present These quantities 
ate likely to be revised downward as further information becomes 
available The Vitamin A can, of course, be replaced by its equivalent 
m carotene 



Flexible Formulae for Swine Meal Mixtures 


381 


The amounts of Vitamin Bjo which are included are essentially 
one-half the probable daily requirement. This figure has been set on 
the assumption that fish meal and meat meal will probably carry 
sufficient B 12 to meet the remainder of the requirements. Somewhat 
the same line of reasoning has determined the level of antibiotic we 
have recommended. 

The formula represented by the figures in the “recommende^t 
column” is essentially one that has been used in practice for many 
years and has given excellent results. It is, however, only a guide as 
to what type of selection should be preferred if no other considera- 
tions are involved. 


Vrotein-MineraUVitamin Supplement for 

Use with Home-Grown Feeds 

The 15% protein formula above can be separated into two parts. 
Deletion of the basal feeds and restatement of the quantities of the 
other feeds in terms of 1000 lb. batches will form the basis for flexible 
formulae for a 45% protein supplement. This is shown in Table 19-3; 
and Table 19-4 gives the proportions of the basal feeds, and the 
protein and mineral-vitamin supplements that should be combined 
to prepare mixtures of the three protein levels called for in hog 
feeding. 

The maximum and minimum limits for the basal feeds shown in 
the original 15% protein formula can be used in both the 18% and 
the 13% mixture. However, it may be well to note that the heavier 
feeds should predominate in the 18% ration. Thus the minimum of 
Oats would be used and wheat bran avoided. This ration should aim 
^it 75% or over of TON, and a low fiber level. On the other hand, 
the 13% mixture, if intended for finishing bacon hogs or for feeding 
to diy' sows and boars, will lx; more satisfactory if lighter feeds arc 
cmphasi 2 cd, .so that the TON docs not exceed 70%; and 67% is not 
Undesirably low. Such rations could carry the maximum of l>oth 
and Miicot bran. 

Tlic mineral-vitamin supplement is included in the same propor- 
tions in all mixtures, since these ingredients arc needed more nearly 
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TABLr^ 19*3 flexible rornuita for a AS% Protein StipplcnteiU for 


Moxitnum litnili ai In 
protein (ormuloe 


E<pr>»ed cn >000 *>«'*'*_ 

Averog* 

max,mt/m Recommended 


Soybean oiimeot 
Cotlomeed neol 


Sktmm Ik powder 
buHerniilk powder 


TABLE 19-4 Proportions of Feed Groups to Prepare 1000 lbs of 
Swine Meal Mixtures of Different Protein Le\els 


Using boioi feeds 
averaging 12% prelem 


Using baiol feeds 
Qveroging 9% protein 


970 

875 

820 
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in proportion to basal feeds or to total feed than to the protein sup- 
plements. 


SUGGESTED HEADING 


Feeders' Guide and Formulae for Meal Mixtures, Quebec Provincial 
Feed Board, E. W. Crampton, Secretary; Prov. Dept, of Agr., Que- 
bec, Can. (1955). 



SUMMARY OF SECTION 


We have now completed that secuon of this book the subject matter 
oi which represents the integration of the [acts and beliefs regarding 
the food needs of out animals, with the makeup of the feeding stuffs 
that supply these needs In one sense this results in expressing live- 
stock feeding standards m terms of meal mixtures 

Theoretically, from an ideally balanced meal mixture ingredient 
formula, plus a suitable chemical analysis of the mixture and a state- 
ment of the daily allowances to be given to an animal, we should be 
able to derive the corresponding feeding standard (if that meal mix- 
ture constituted the entire diet) By the same reasoning we have 
attempted to derive ingredient mixing formulae from feeding standards 
plus the analysis of the ingredients available for such mixtures 
In practice we find it impossible to compound rations meeting 
exactly the quantities or proportions of nutrients set out in feeding 
standards, because we must deal with feeds which themselves arc 
complex mixtures of nutrients But we can prepare formulae for 
mixtures of [ecdstuffs which result m nutrient combinations that ap- 
proximate the needs of specified animals closely enough so that the 
animal through its own metabolic machinery can make the final 
fitting, discarding the surpluses, and temporarily even making good 
minor shortages in the day’s intake 

We have described one way of arriving at such formulae in this 
section The flexibility of the scheme enhances its usefulness and its 
adaptability over a wide range of conditions under which livestock 
are fed, and its practicability is attested by the success of the com- 
mercial mixed feed industry 
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SECTION APPENDICES 


T 

JL/ie items yve have included in the three Ap- 
pendices are intended chiefly as reference material to furnish more 
detailed information in certain areas than seemed practical or neces- 
sary in the text proper. 

Appendix I contains several miscellaneous feeding guides, dis- 
cussions of specific feeding problems, and some tables that should 
be useful for practical feeding of livestock of all categories. 

hi Appendix II we have presented a brief discussion on feedstuQs 
control, and excerpts from The Feeding Stuffs Act of Canada, and 
from the proposed Unifonn State Feed Bill for the United States, 
sponsored by the Association of American Feed Control Officials. 

Tables of feed composition and miscellaneous conversion charts 
make up Appendix III. 
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Miscellaneous Feeding Guides 


Daily Allowances of Feed for Animals 

Successful livestock feeding is not learned out of a book, and there 
are many skilled feeders who know little or nothing of the science 
underlying the feeding practices which they successfully employ 
There are, nevertheless, basic principles involved in livestock feeding 
and some of these can be reduced to rules and guides that will be 
useful to feeders who lack the experience or apprenticeship other- 
wise necessary 

One of the ever present problems is how much meal should be 
fed per day to different animals^ It is obvious that the answer de- 
pends on several factors The first is the total available energy that 
must be provided to the animal m question This amount is indicated 
by the TON shown m feeding standards Such a figure, however, does 
not take into account the feeds other than the meal mixture that may 
also be fed to the lisestock and which, of course, modifies the amount 
of meal that has to be fed With some classes of animals where the 
increase m liveweight is itself the production, the feeder has a rela- 
tively simple guide merely by watching the gams of the animal But 
"nil other classes of stock, and particularly with producing dairy 
cattle, body weight ehanges are not a direct index of whether or not 
the animal is receiving Ihe correct quantities of meal Consequcnlly, 
v'llh dairy cattle feeding some guides other than the appearance or 
performance of the anim il become of special importance 
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Guides to Dairy Cattle Feeding 


Amounts of Meal Mixture for Dairy Cows in Milk. There have 
been many thumb rules proposed as guides to the quantities of meal 
mixture that should be provided to cattle in the milking herd These 


thumb rules are based fundamentally on feeding standards, and on 
the roughage feeding practice They are, nevertheless, guides and not 


fixed rules, and it may be well, therefore, to examine the require- 


ments in some detail 

We might at first thought assume that the quantities of meal re- 
quired by milking cows is influenced by the size of the cow This, 
however, is not usually true unless some abnormal roughage feeding 
program is involved As we shall sec shortly, if the dairy cow is fed 
normal quantities of roughage, she will receive from it sufficient TDN 
to fully meet her maintenance energy requirements In excess of 
this requirement there are two things that need to be considered, 
one IS the amount of milk being produced, and the second is the 
stage of pregnancy In Chapter 14 we discussed the effect of kind 
and quality of roughage on the voluntary intake of such feed It wiU 
be evident from perusal of the data there presented that where high 
quality roughage is used and fed to the hmit of appetite, which « 
usually considered desirable practice, the TDN thus obtained will 
meet requirements of maintenance plus sufficient extra for almost 20 
lbs of milk of 4% butterfat content On the other hand, if poorer 
quality roughage is fed, the available energy from the for^e portion 
of the ration may be little more than enough to maintain the animal 
For purposes of determming guides to meal allowances, it is prob- 
ably better to take average roughage containing about 50% TDN 
and to make the assumption that approximately 2 lbs of such rough- 
age or Its equivalent will be voluntanly consumed per cow per day 
for each 100 lbs of livewcight We can then quite simply calculate 
the pounds of a meal mixture that will be required to supply the 
energy needed by cows at different levels of production according 
to the per cent of TDN m the meal used The data have been cal- 
culated for a range of producUon levels and for meal of 70% and 
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of 75% TDN. These data are presented in Fig. Ap-1, from which we 
can see that whether a 70 or 75% TDN meal is fed, the place at 
which meal feeding should start is approximately after the first 10 
lbs. of milk have been produced. That is, the roughage allowance 
should be sufficient for maintenance of the cow plus about one gal- 
lon* of milk. As the milk production level increases, the quantity 
of meal required increases in a linear fashion, and the rate is either 
one pound of meal for 2.34 lbs. of milk, or one pound of meal for 
2.24 lbs. of milk, depending on whether a 75% or a 70% TDN mix- 
ture is being used. This is just another way of saying that the al- 
lowances of meal to cows in milk should be at the rate of about one 
pound of meal to every 2.3 lbs. (or perhaps 2V5 lbs.) of milk pro- 
duced in excess of the first gallon. 

One of the commonest thumb rules quoted regarding the meal 
allowances for dairy cattle calls for one pound of meal for every 3 
lbs. of milk produced. On the graph of Fig. Ap-1, the regression 
line for this ratio has been drawn in, and we can see that this level 
oi feeding overfeeds all cows producing less chan 40 lbs. of mi7k per 
day, but underfeeds cows producing over 40 or 50 lbs. of milk per 
day, depending on whether the meal used carries 70 or 75% of 
TDN. Any feeding rate that calls for meal beginning immediately 
with any production above zero will obviously show this same defect. 

Feeding During Late Lactation. There is however another con- 
sideration affecting cows producing only small quantities of milk 
toward the end of a lactation. Such cows may be producing relatively 
small amounts of milk during the last two months of pregnancy. 
These cows require more meal than their milk production indicates: 
and, consequently a thumb rule which calls for no meal allowance 
for productions less than one gallon of milk is likely to underfeed 
them. Probably the most satisfactory way of dealing with this situation 

to arrange to feed about 5 lbs. meal to such cows in excess of the 
Quantities they require for milk production as indicated in Pig, Ap-I. 
Tlius a cow that is witliin two months of term and producing only 

* The Imperial Gallon used in Canada weight 160 oz. or 10 lbs. The Ameri- 
can Gallon used in the United States weighs 128 oz, or 8 lbs. 
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Fjg Ap*l. Pounds of meal needed per day according to pounds of 
milk produced (Based on 1000 lb cow corfsuming 20 lbs ory 
roughage of 50% TDN or its equivalent ) 

10 lbs of milk would receive 5 lbs of a normal meal mixture, JD 
spite of the fact that her production alone would not warrant any 
meal at all 

Thumb Rule of Meal Feeding. If we can assume therefore that 
production of less than 10 lbs will occur normally only toward the 
end of lactation, and that this also coincides with the latter quarter of 
pregnancy, then we might establish the rule that one pound of meal 
should be fed for each 2 3 lbs of milk produced m excess of the 
first gallon, and that during the last 60 days of pregnancy cows 
should receive in addition to any such allowances an extra 5 lbs of 
meal per day 

Adjustment of Meal Allowance for Fat Content of Milk. These 
rules are based on milk carrying 4% of fat or its equivalent In order 
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Appentiix 1 — 

!o use these feeding rules with productions cnrr>'ing more or less than 
fat, the actual production should be conserted to its equivalent 
in 4Cc milk. Table Ap*l gives approximate factors for converting 
milk produced to its equivalent in 4^c fat. 


TABIX Ap-1 For Convcrlinfi Milk of a Ghen Fot Per Cent to 
Its Equivalent in Pounds of 4Cr Milk 


Per cent fot 

in mak 

fotfer by i»K5ih lo my'j pjjr 
m>TV pred^Ked to obtoln 
pevndi el 4®^ 

30 

0850 

3 2 

OS80 

34 

0910 

26 

0940 

3B 

0 970 

40 

1 090 

4 7 

1 030 

4.4 

loeo 

4 6 

t090 

IJt 

1 1?0 

50 

1 150 
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may be replaced by about 3 lbs of silage or by 5 lbs of roots, and 
one-half the normal dry roughage allowance may be replaced on t is 
basis 

Feeding a Meal Mixture to Cows on Pasture. Cows on abundant 
good pasture will eat sufficient herbage to produce 40 lbs of 49& 
milk or Its equivalent without other food Under these circumstances 
grain feeding at the rate of one pound for each 2 3 lbs of milk m 
excess of 40 lbs will be called for For such feeding use mixed 
farm grams without protein supplements, but be sure to include 1 
of salt and 1 % of feeding bone meal or of dicalcium phosphate m 
the gram used If farm grains are not available for such feeding there 
will be no objection, nutritionally, to the use of a standard 16% 
protein dairy cow meal mixture 

For cows on limited or poor pasture, begin gram feeding at the 
first 20 lbs of milk, using m this case one pound of a 16% protein 
meal mixture for each 2 3 lbs of milk produced in excess of the 
first 20 lbs 

In general, mixed farm grams without protein supplement will he 
satisfactory as supplementary feed to spring pasture and to “after- 
math’ where meal feeding becomes necessary because of high milk 
production, or because of shortage of sufficient pasturage Midsummer 
pasture, on the other hand, or mature or dormant pasturage is ap 
proximatcly the equivalent of timothy hay in protein content and 
should, therefore, be supplemented with a meal mixture of the sort 
used during winter feeding It should carry a protein level of 16 or 
18% 

Salt Requirements of Cattle. All cows might well be tested weekly 
for salt hunger, and extra salt fed if they appear to be hungry for it 
The usual inclusion of 1% salt in the meal mixture will meet the 
needs of milking cows that are fed normal quantities of meal mix- 
ture However, for cows on pasture and for cows that are fed very 
limited amounts of meal, extra salt may be required 

On the average a 1000 lb dry cow should have 0 75 ounces of 
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growth, succulent feeds should be decreased and concentrates tn- 

creased - 

Fresh and pure Mater should be given to the calf At from 4 
6 months it can drink from 10 to 15 lbs of water per day m addition 
to any other liquid such as milk or gruel 


CHART AP-A. Meal and Hay AUmvances for GroMtng Dairy 
Heijers, According to Age, Height, or Weight 



Since calves are not able to subsist on roughage until the rumen 
has developed and become functional, they should not be turned out 
to pasture before they are 4 months old unless arrangements are 
made to feed them in the same way as though they were penned in 
the bam Where satisfactory stabling faciliues are not available for 
summer housing the pasture chosen should provide shade and be 

well-drained 
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Calf Feeding Schedules. For the first month, the feeding schedule 
for calves is the same regardless of whether a method using milk, 
skimmilk, or gruel is used, or whether dry meal feeding system is to 
be followed. Care should be taken that the calf, within the first 12 
hours, obtains the colostrum of its mother. This first milk has special 
properties essential for the well-being of the calf. Antibodies that 
protect the calf from diseases in the early stages of its life, and 
Vitamin A are particularly important components of colostrum. 

After the calf is a month old its feeding, with reference to milk 
or milk substitutes, will depend on the method chosen. Table Ap'2 
gives a schedule showing the amounts of the different kinds of feeds 
which would ordinarily be allowed to calves being raised on the 
methods, using either skimmilk or calf meal gruel. 

TABLE Ap-2 Showing Quantities of Feeds to Be Allowed per 
Calf per Day at the Ages Shown and According to the Method 
of Calf Raising Followed 


Other feeds te be used with all of 
Skimmilk method these methods 


Age 

Whole 

Skimmilk 

Dry meol* 


Silage or 


milk 

or grvel 

mixture 

Hay 

roots 


lbs. 

lbs. 

lbs. 

ibs. 

' lbs. 

t Week 

£.8 





^ Weeks 

8.10 





3 Weeks 

10-12 


'A 

'A 


4 Weeks 

12-15 


V4 to '/i 

A to Vi 


5 weeks 

M-18 

)-8 

lA 

Vz 


6 weeks 

8-0 

8-15 

Vz to % 

A to % 


7 weeks 


15 

y* to 1 

V* to 1 


8 weeks 


15 

1 

I 


3 months 


15 

1 to 2 

2 to 3 

1 to 2 

4 months 


15 

2 to 2 V '2 

3 to 4 

2 to 4 

5 months 


15 

2V^ to 3 

•4 to 5 

4 to 5 

6 months 


15 

3 to 3'/i 

5 to 6 

5 to 6 


* Use a 16®o milking cow rollon as the dry meal mixture. 
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Dr) Cair Mca! Method of Feeding. This method of calf feeding 
has much in Us favor Its saving in milk and labor, together with 
freedom from many troublesome digestive upsets often accompany- 
ing skimmilk and gruel feeding, make it an attractive plan Never- 
theless, the system is not foolproof 

Most important is the fact that the success of this system depends 
m no small measure on the use of a meal mixture designed for this 
plan of calf raising A mixture that may be acceptable when used 
v.uh whole or skimmilk may prove entirely unsatisfactory with this 
plan, and unless feeders are prepared to provide the necessary kind 
of calf meal they should not consider this scheme of calf raising 
This method calls for the use of whole milk for the first month 
only The amounts to be fed during this period arc the same as shown 
in the calf feeding schedule m Table Ap-2 However, at the beginning 
of the fifth week the milk is abruptly discontinued This sudden 
withdrawal of milk has the effect of requiring the calf to satisfy ds 
hunger by eating other feeds that are provided A gradual cutting 
down in the milk allowance on the other hand, frequently results 
in the calf going partially hungry before it learns to eat the dry food 
From the time the calf is a week old a rack of high grade, fine, 
dust-free hay, together with a continuous supply of fresh water, should 
be available at all times In addition, a small quantity of calf meal, 
or better, calf meal pellets may be provided m a feed box to be eaten 
as desired By the time the milk is cut ofl the calf will have learned to 
eat hay and meal, and the removal of the milk will mean only that 
It will eat more meal 

We cannot too strongly urge that a calf meal especially pre- 
pared for this method of feeding be employed Milk contains an 
abundance of riboflavin and of the minerals, calcium and phosphorus, 
as well as proteins of high feeding value These essentials must be 
provided m the calf meal if milk is to be replaced at this early age in 
the development of the calf 

Provision for drinking water is also important, and wherever it is 
possible free access to water ts strongly recommended The plan, 
m fact, IS almost one of seff-feedmg, and calves raised on this system 
frequently make better progress than where hand feeding is used, not 
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necessarily because the ration is better, but because it is available 
when the calf wants it. 

A flexible formula for a calf meal suitable for this system of rais- 
ing calves was discussed in Chapter 18 (see Table 18-5). 

Feeding Pregnant Dairy Cows. About two-thirds the weight of 
the foetal calf is actually made during the last 60 days of pregnancy. 
This is the usual dry period for the cow, and during this time liberal 
feed is needed for the calf growth. Otherwise the nutrients required 
will be taken from the cow’s own body reserves, and, as a conse- 
quence, her subsequent lactation may suffer. Experiments with cattle 
show that the gain or loss in body weight by a cow during the last 
60 days of pregnancy affects the quantity of milk produced in a 
lactation. In general, one series of studies found that for each pound 
of gain in body condition during her dry period, there was an increase 
during the lactation of; 

25 lbs. of milk for Holsteins 

20 lbs. of milk for Guernseys 

15 lbs. of milk for Jerseys 

Thus a gain of 50 lbs. in condition may mean from 750 to 1250 lbs. 
more milk for the next lactation, which in itself is ample justification 
for attention to the dry cow feeding. 

During the dry period the cow should rebuild her reserves of caT 
oium, phosphorus, and protein, which in high producing animals have 
been partially depleted during the previous lactation. The feeding of 
farm grains alone to dry cows is not as satisfactory as the use of a 
ration properly balaneed as to minerals and protein during this period. 
Under most conditions a meal ration carrying 14% of crude protein 
will be adequate, and while this can be produced by mixing a standard 
16% milking cow meal mixture with an equal quantity ^of farm 
grains, such practice will not provide adequate mineral supplemcnta- 
tion. When such a pratice is followed, add one pound of bone meal 
“"d .5 lbs. of salt to each 1000 lbs. of the combination of grain and 
16% ration. 
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Guides to Swine Feeding 

The feeding of market hogs is largely a self feeding program, 
hence, rules for daily allowances are not of primary importance Tlw 
cam made by self fed market pigs is likely to be related to the TDi 

CHART AP-B. Daily Feed and Daily Gains of Market Pigs, Ac- 
cording to Their Attained Weights or Equivalent Ages 
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of the ration. When rapid gains are the objective, a mixture of 75% 
TDN or more is normally fed during the finishing period; whereas 
the mixture better suited for finishing bacon hogs will carry less than 
70% TDN. Of such a mixture, slightly larger amounts will often 
be eaten, nevertheless, the gains will be slower than those on the 
normal program. The protein level of the rations to be fed will include 
anl8%,al5%, and a 13% during the weaning, growing, and finish- 
ing periods respectively. 

Some of the relations between the age and weight of pigs and their 
average feed intake and live weight gains are shown in Chart Ap-B. 

Thumb Rules for Feeding the Breeding Herd. 

sows. 

1) In general, feed to dry sows 2 lbs. of meal or its equivalent per 
day for each 100 lbs. live weight. 

2) Pregnant sows require rations fortified with vitamins and min- 
erals. A mineral mixture supplying at least calcium, salt, iron, and 
iodine should constitute about 3% of the meal ration; and a daily 
allowance of one-half tablespoonful of a feeding oil to supply Vita- 
mins A and D will be profitable unless these are supplied in some' 
other way. 

3) Nursing sows should be fed what they will clean up promptly 
at three feeds daily. It will range between 10 and 15 lbs. of dry meal 
per day. 

boars. 

1) A daily allowance of meal equal to 2% of their live weight. 

2) Feed enough to maintain a satisfactory condition of fleshing. 

Self-feeding of Brood Sows. Self-feeding of brood sows is entirely 
feasible if the grain ration is sufficiently bulky to prevent excessive 
fattening of the sows. A ration that may be used successfully for the 
self-feeding of breeding sows consists of a combination of two parts 
of a normal meal mixture intended for growing market pigs diluted 
by one pari of alfalfa meal or wheat bran. Fresh water may be con- 
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vemently supplied by an ordinary pressure water bowl of the type 
used m dairy stables 

Factors ARectmg the Excellence of Hog Carcasses Intended for 
Bacon. 

1) The greatest single factor causing an undesirable bacon car 

IS excessive fat - 

2) Male pigs normally yield fatter carcasses than females at cqu 
marketing weight 

3) Pigs that have been fed heavily on wheat or com during 
last two months of feeding yield carcasses, within bacon weights 
that are usually overfat 

4) Level of protein in the hog ration has no direct effect on car- 
cass excellence, though it does affect the growth of the pig 

5) Restriction of rate of gam of pigs after a live weight of 125 
lbs tends to result m a leaner carcass This is easily accomplished by 
using a lighter, bulkier fattening ration 

To produce the greatest number of “bonused ’ carcasses, feed young 
pigs liberally on a properly balanced low fiber ration to about 125 
lbs Then change to a lighter ration for finishing After pigs weigh 
100 lbs , daily gams of 1 5 lbs are rapid enough Faster gams than 
this are correlated with overfat carcasses 

As an example of this feeding practice, the following rations for 
the growing and iattemng penods are given 



Growine pips 

Fattening pigs 

Feeds 

(to 125 lbs ) 

(125 lbs to market) 

Barley (or comparable basal feed) 

90 lbs 

75 lbs 

Wheat bran 

0 

20 

Protein mineral supplement 

10 

5 


In this plan the wheat bran may be replaced by alfalfa meal, or 
barley and bran may be replaced by 95 lbs of oats Note that oats 
are not used m the growing ration, but barley here may be replaced 
in part by wheat, or corn, or No 1 Feed screenings 
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Horse Feeding 

Horse feeding as such has not been considered in any previous 
chapters in this book. One of the reasons is that meal mixtures for 
this class of stock are seldom compounded with the help of feeding 
standards. Adult work stock are adequately fed by a combination of 
oats (or its equivalent), non-legume hay, and salt; and breeders 
usually require only iodine in addition to this ration. We do not mean 
that meal mixtures cannot be used. In fact horses do very well on 
any standard dairy meal mixture, which is more acceptable if pelleted 
or crumbled to overcome the fine powdery condition of ground feed. 

Thumb Rules. The problems of horse feeding therefore are more 
in the matter of quantities to be fed than in makeup of meal mixture. 
In most cases maintenance of body weight is a better guide in this 
respect than a formal feeding standard. Horses often seem to differ 
in their requirements more than cattle do, as is evident in the different 
quantities of feed needed by team mates to maintain steady body 
weight. Feeding standards, therefore, are no more than guides, and 
thumb rules may be as practically accurate as is needed. One set of 
such rules is as follows: (1) Of roughage feed from 1 to 114 lbs. 
per 100 lbs. live weight daily. (2) Of grain feed from 1 to 114 lbs, 
per 100 lbs. live weight daily, (The smaller allowance of roughage 
and the larger one of grain for horses at heavy work, and vice versa 
for those doing light work.) 

Idle days. One of the problems of work horse feeding arises when 
idle days occur. On such days feeding must be reduced to avoid 
such a condition as azoturea. The practical solution is to feed a bulky 
low energy ration on the night before an idle day. This satisfies the 
appetite without the unwanted heavy energy intake at this time. A 
bran mash is made as follows: 

To a quantity*of dry wheat bran about equal by measure to the 
usual feed of grain, add a leaspoonful of salt and enough hot water 
to make a stiff mash. Cover and allow to steam. Feed when cool. If 
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desired a cupful of molasses may be added to the bran before steam- 
ing 

Feeding Orphan Foals. Occasionally the horseman will have to 
raise an orphan foal General directions that may be helpful are given 
below 

To feed an orphan foal, secure milk from a fresh cow, preferably 
a low tester To a pint of the cow’s milk add 14 pint of lime water 
and a teaspoonful of sugar This will make enough for two feedings 
at first 

Another formula that has been successfully used consists of 

Dried whole cow’s milk 40%'i 

Dned skimmilk 30% 1 3 lbs 

Sugar 30%J 

Limewaler 8 oz "I (1 cupful) 

Water 5 lbs J (2 Imperial quarts) 

Feed the orphan foal daily about 4 quarts of milk or of the above 
fluid per each 100 lbs of his live weight Give in addition 1 table- 
spoonful of cod liver oil per day 

Warm the fluid to about 100®F and feed from a nursing bottle 
For the first few days feed every hour using about half a pint of the 
prepared cow’s milk at each feeding Gradually lengthen the time be- 
tween feedings and increase the allowance of milk Care must be 
taken, especially during the first two weeks not to overfeed the foal, 
or scours will result 

Teach foals to drink from a pail as soon as possible so that the 
bottle feeding may be discontinued, thus eliminating the problem of 
sterilizing bottles and nipples 

If a little gram is put into the bottom of the pail of milk the foal 
soon learns to eat solid food Once this occurs feed a little gram three 
times a day 

Get the orphans on good pasture as soon as possible but continue 
to provide a little gram and hay 

As a gram mixture the following has given good results 
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125 lbs ground oats 
100 lbs wheat bran 
25 lbs linseed oilmeal 

Good, bright clover hay, free from dust is to be preferred to timothy 
hay for foals Good timothy, however, is far better than poor quality 
clover 


Schedule of Feeding Orphan Foals 


Age 

Feed 

Amount per feed 

Times per day 

to feed 

1 week 

Cow s milk — 1 pint 

Lime water — 3 tablespoon 

fuls 

Sugar — 1 teaspoonful 

14 to 14 pint 

Every hour 

2 week» 

As above 

14 to 1 pint 

6 times 

3 to 5 week* 

As above but omit the 

sugar 

t pint or more according to 
appet te and s ze ef foal 

6 times 

5 to 8 weeks 

Gradually substitute sk m 

for whole milk 

Om t the 1 me wafer 

As per oppetite 

4 times 

S to 12 weeks 

Skifft m Ik plus small gra n 

allowance 

As per eppet fe 

3 times 


The Proximate Analysis as an Index of Feeding Value 
For Meal Mixtures Whose Formulae Are Unknown 

The marked increase m the use of commercially prepared feed 
niixtures, whether they be complete ready-to-feed combinations or 
niixed supplements, has presented the problem of judging which one 
among the many available represents the preferred choice With few 
exceptions little information is given to the feeder concerning such 
niixtures, other than the list of ingredients claimed to be present and 
guarantee of minimum protein, minimum crude fat, and maximum 
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crude fiber content In the cast ol mineral supplements, and also m 
certain special types of mixtures, additional and sometimes alternate 
items are required to be guaranteed, as for example, the salt content 
or maximum fluorine content, etc In most cases, however, the mix- 
tures will furnish protein and energy, and, consequently, will carry 
guarantees of protein, fat, and fiber, and it is on the basis of the 
figures for these three components that the feeder usually attempts 
to judge the quality and usefulness of the mixture Unfortunately, 
figures for protein, fat, and fiber are not of much use as indices of 
quality of such products, and feeding value cannot be so simply 
indicated 

For example, if the leaves of early cut timothy hay are dried and 
ground, and compared to a sample of dried, ground feces produced 
by an herbivorous animal that has subsisted entirely on such feed, 
tiiese two products cannot be distinguished except by the u»c of a 
strong magnifier The analysis of one such case is shown in the figures 
below 



Ground timothy 
leaves 

Fcccs from 
these leaves 

Crude protein 

7 9% 

8 2% 

Crude fat (E extract) 

1 3 

24 

Crude fiber 

34 7 

24 8 

Nitrogen free extract 

50 9 

59 2 


6ased on this chemical information one might erroneously judge that 
the feces have the higher feeding value 

Or, again, one mi^l note that ground shoe leather is a high pro- 
tein, low fiber product of animal origin, but of no feeding value 
Weed seeds carry as much and often more protein and sometimes less 
fiber than cereal grains (see Table Ap-3) 

Furthermore, we should not forget that many rations can be im- 
proved for some special purposes by increasing the fiber content 

In other words, where rations are compared m usefulness, the one 
with the higher protein or the lower fiber may not be the choice It 
will depend upon what the raUon is wanted for, what feedstuffs were 
used, and the content of essential nutrients These items are not 
indicated by either crude protem or crude fiber 
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TABLE Ap-3 Proximate Analysis of a Few Weed Seeds 


Plont jeed 

Wafer 

froftfn 

faf 

Fiber 

N-free 

exfrocf 

Ash 


% 

% 

% 

% 

% 

% 

Pigweed seed 

9 

19 

7 

11 

50 

4 

lambs>quarters 

10 

15 

5 

20 

46 

4 

Black bindweed 

n 

10 

2 

7 

69 

I 

Wild radish seed 

8 

24 

25 

10 

22 

11 

False flax 

9 

22 

30 

11 

22 

6 


The Tag on the Bag. The list of ingredients on the tag of the 
commercially prepared feed and the integrity of the feed dealer (or 
manufacturer) are of much greater importance in indicating the use- 
fulness of a mixed ration than are the figures for protein, fat and 
fiber. Perhaps it may not be out of place to note that no reputable 
feed manufacturer or feed dealer will knowingly offer for sale or 
recommend in a particular case, a feed mixture that will not give 
satisfactory results when used as recommended. His business obvi- 
ously depends on his continuing to sell to the same customers. 

Are "Balanced" Rations Necessary? 

All modern testbooks of feeding advocate tlie use of “balanced" 
rations. The reasons for their use arc not always so prominently set 
down, and often the reasons advanced are not wholly sound from the 
standpoint of economical feeding. Actually few humans, let alone 
animals, consume perfect rations. What then is the justification for 
the general advice to feed balanced rations to farm animals? TIic 
reason may be found in the definition — “A balanced ration is one in 
"hich the food requirements of the particular animal arc completely 
met without excess of any nutrient." 

Tile various nutrients required by an animal arc numerous and in- 
clude not only the protein, fat, and carbohydrate of the older bal- 
anced ration, but as well a long list of minerals and vitamins. A few 
of these nutrients arc interchangeable, completely or partially; but 
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most of them are required m spcafic amounts as v-cU as m definite 
proportions to other nutrients In general, natural foodstuffs contai 
most of the nutrients needed by animats, but they arc unbalance a 
to quantities By mixing together foodstuffs of different nutrient com- 
position, we can provide rations more nearly balanced to the needs o 
the animal than we can with single fccdstuffs 

For example, let us suppose that a particular animal requires or 
Its best growth or production 1 5 lbs of protein and 8 lbs of TDN 
If some feed, such as com, contains 10% of protein and 80% 

TDN, then 10 lbs of corn would provide this animal with exactly 
the amounts of TDN needed, but only one pound of protein would be 
provided This shortage would limit full growth rate or production 
To get the extra half pound of protein needed, we can do one of 
two things Increasing the quantity of com to 1 5 lbs would provide 
the 1 5 lbs of protein, but would also furnish 12 lbs of carbohydrate, 
or a surplus of 4 lbs This surplus could not be used and accordingly 
would be burned as a means of getting nd of it 

Alternately the balance of the com ration (as to protein and 
carbohydrate only) could be changed by mixing one pound of soy- 
bean oilmeal with 6 5 parts of com The resulting combination would 
contain 15% protein and 80% TDN, and 10 lbs of it would pro- 
vide 1 5 lbs of protein and 8 lbs of TDN needed 

Thus we add a protein supplement to basal feeds, not becasue the 
basal feeds contain no protein, but because a greater proportion of 
protein to TDN than is found in such feeds will belter meet the ani- 
mals requirements in that respect 

The Economics of Balancing the Ration. What are the economics 
of such a balancing of a ration‘d In our example evidently 8 66 lbs 
of corn plus 1 34 lbs of soybean oilmeal have provided the 1 5 lbs 
of protein needed by the animal To provide the necessary protein 
with com would have required 15 lbs of the corn Thus, 1 34 lbs of 
oilmeal saved 6 34 lbs of corn, or one pound of oilmeal was worth 
about 4 7 lbs of com Providing that the com thus saved could be 
used to feed more animals, or put to some other equally profitable 
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use, then if soybean oilmeal could be bought for just 4.7 times the 
cost of com, it would be immaterial whether the balanced ration were 
used ^ or not (assuming for the sake of this example that no other 
factors were involved) . If oilmeal costs more than this, using the bal- 
anced ration would be uneconomical. If, however, oilmeal could be 
bought for less than 4.7 times the price of com, then balancing the 
ration would pay. 

This principal applies to every nutrient of the ration; for the effi- 
ciency of the ration is dependent upon the extent to which it provides 
without waste the operating needs of the animals fed. Thus it may be 
that salt, calcium, or Vitamin A' may need to be increased in the 
ration to balance it properly. The perfectly balanced ration is always 
the most efficient ration, because it is the one of which the smallest 
quantity will be required to meet the food needs of the animal. 

Evidently, then, we cannot say without qualification that it will 
necessarily pay to feed a balanced ration. If protein supplements are 
too costly in relation to basal feeds, it may not pay to completely 
balance the ration as to protein level. We do not mean by this state- 
ment that the total intake of protein may be reduced without penalty, 
rather we mean that it may pay better to feed extra amounts of lower 
protein mixtures than to use the normal quantities of a balanced 
ration. Protein, however, is but one part of the ration and one which 
may vary over relatively wide ranges with no perceptible effect on the 
health of the animal. Unfortunately, this is not true with minerals and 
vitamins. With these nutrients it is not a matter only of efficient 
rations in terms of maximum production; it is often a matter of the 
nihility of the animal to produce or reproduce at all, if, indeed, it docs 
uot determine its ability to live. There can be no question therefore 
r>f the importance of ‘‘balance” in the ration in regard to the so-called 
protective nutrients. The greater the use of by-products, the greater 
the possibility that special supplementary’ sources of some nutrients 
will be required; since in the processing of natural feeds losses and 
changes in the composition of the original material take place, and 
rations prepared by bv-producls become less well-balanced to the 
operating needs of the body. 
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The Misuse ol Balanced Rations. In recent years there has been a 
marked increase in the number of farmers who have emplojcd com- 
mercially mixed balanced rations m the feeding of livestock How 
ever, these farmers have frequently diluted the purchased mixture 
with home-grown grains, either by deliberately mixing or by alternat- 
ing the feeding of one with the other This practice sometimes leads 
to difficulties 

For example, a 16% protein dairy meal mixture diluted 1 1 with 
oats carries 14% of protein, and whereas the 16% balanced ration 
normally would have about 2% of bone meal in it, the oats-16% 
combination will have only half this quantity of mineral supplement 
Thus when a balanced ration is used as but a part of the non- 
roughage feed, the protective nutrients may have been diluted m 
amount so that the ultimate combmation fed is madequate nutri- 
tionally for the needs of the animals If a commercial mixture is to be 
fed m combination with farm grains, a concentrate or supplement 
mixture should be chosen rather than a ready-to feed balanced ration 
The former is intentionally more heavily fortified with minerals and 
vitamins to cover the deficiency of the farm feeds that are to be fed 
with It 

Feeding Iodine 

Fortification of the rations of pregnant females with iodine is indi- 
cated m all so-called ‘goitrous regions ” The source of the iodine is 
largely immaterial It is desirable, if inorganic sources are to be used 
(potassium iodide or sodium iodide), to insist on a stabihzed matenal, 
since the lodme m unstabilized, iodized salts will subbrae and dis- 
appear when exposed to the air There is so little danger from iodine 
poisoning that it may be disregarded m practical feeding 

The mmimum quantities of iodine that should be provided to preg- 
nant females have not been acceptably established We should note, 
however, that salt carrying 0 05% of potassium iodide has been 
effective in preventmg climcal evidence of iodine deficiency On this 
basis the following average daily intakes of potassium iodide appear 
to have been adequate 
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Mares and cows • 25 mgs. per day 

Sows and ewes 15 mgs. per day 

Iodine may be incorporated in the feed or some part of it, as in the 
mineral mixture. Or it may be given to the animals individually with 
their feed or water. 

When iodine is to be fed to the animals directly, the allowances are 
conveniently measured if the iodide is dissolved in water. For all 


TABLE Ap-4 Annual Requirements of Meal for Livestock 


Class of animal 

Special conditions 

Amounts of concentrates 

per head 

Cattle 

Cows In milk^ 

<4,000 lbs. milk 

1000 lbs. 


^,000 lbs. milk 

1800 lbs. 


8,000 lbs. milk 

2400 lbs. 


10,000 lbs. milk 

2600 lbs. 

Breeding bulls 


1000 lbs. 

Young stock over 6 months 


500 lbs. 

Calves under 6 months 


450 lbs. 

Fattening cattle 

per 100 lbs. goin 

300 lbs. 

Horses 

Work animals 

1,400 lbs. weight* 

2500 lbs. 

Young stock over 1 year 

and stock at light work 



Sheep 

Breeding flock 


200 lbs. 

Fattening stock 

90 doys feeding 

100 lbs. 

Swine 

Sows 

2 litters per yeor 

2000 lbs.* 


1 fitter per yeor 

1500 lbs.* 

Breeding boors 


1000 Ibi.* 

Market pigs 

Weaning to 100 lbs. weight 

250 lbs.* 

100 lbs. to 200 lbs. weight 

400 Ibt.* 


* For iprlng Calvert reduce thete omowelt 25^. 

* For heavier onlmolt Increate omounl* 200 Ibi. tor 
Tolol meat or lit equlvoltfll. 


each 100 Ibi. locreoied welsht. 
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classes of farm ammals d.ssoUe 1 5 grams potassium lod.de m 1 War 
of water, and give daily to each pregnant female 1 tablespoonfu 
the solution 

The solution may be given daily or a solution made seven t 
as strong may be used and a tablespoonful administered once a wee 
For beef cows having a common drinking trough, add to the water m 
the trough enough of the iodine solution for the whole herd 


Annual Requirements o\ Meal jor Lnestock 

Feeders frequently require to estimate the quantities of gram or 
meal mixtures on the average to feed different classes of livestock for 
some specified period of time Table Ap-4 has been prepared to meet 
average conditions 



APPENDIX 


Feedstuffs Control and Legislation 


IN CANADA and in most of the United States, feeds passing 
through commercial channels are subject to registration and to some 
measure of legal regulation. Such regulation is for the protection of 
the consumers and the manufacturers alike. With respect to the con- 
sumer it is intended to insure that the product offered is properly 
labeled (in its broad sense) and that it is wholesome as a food for 
his livestock. For the honest manufacturer it is an attempt to protect 
him from practices of unscrupulous competitors who misrepresent 
their products to the potential consumer. 


Canadian Legislation 

In Canada feeding stuffs control is vested in a branch of the Fed- 
eral Department of Agriculture with the Canada Feedins Stuffs Act 
the enabling legislation. 

Canadian feed legislation did not suddenly appear full-blown. 
Rather, it developed step by step in response to changing conditions 
of the industry. In many instances specific sections of the Act were 
incorporated at the request of the feed manufacturers themselves, 
and the more recent modifications were presented to the feed trade 
for study and suggestion before official adoption. With the increasing 
use of commercially mixed rations the importance of the Feeding 
Stuffs Act as a guide has also increased, and lliis has naturally been 
paralleled by an increased interest in the legislation lx)th by the trade 
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and by the feeder It seems appropriate, therefore, to include in a 
text of this nature a brief discussion of the background o 
control and of typical present day feed legislation Since 
information is not available elsewhere in as precise form we snai 
use as an example the situation in Canada In general principles an 
philosophy It will not be unlike that in force elsewhere m America 
The Canadian Act onginated as a consequence of the developmen 
of the commerce of feeding stuffs, which brought about problems o 
weed seed distribution The senousness of this problem was evident 
from an investigation of the weed seed content of the feedstuffs that 
were being shipped from the gram growing areas and from flour 
milling centers to the hvestock farms, a study which revealed a situa- 
tion indicated by the figures in Table Ap-5 


TABLE Ap'S Weed Seeds m Commercial Feeding Stuffs 



Whole weed teedt per pevnd 

Mox mem 

Min mem 

Ayerog* 

Bran iherti mdding* 

4704 

0 

246 

Crv»h«d gra n 

2248 

8 

677 

Meali (var owl 

1B768 

16 

1802 

Feed groin (vnground) 

8888 

90B 

4022 


The weed seeds included those from about 50 species of plants 
troublesome on barren lands, and their hidden presence in ground 
feeds was becoming a menace, uitroducmg noxious weeds on farms 
previously free of them The situation resulted m amendments to 
the Adulteration Act requiring that bran, shorts, middlings, and chop 
feeds be free of vital seeds of any noxious weeds defined under the 
Seed Control Act 

Investigations revealed that much of the weed seed problem arose 
from the disposition of screenings cleaned from western grown grams 
at terminal elevators at the head of the Great Lakes Elevator screen 
mgs have potential feeding value, since they include broken and 
shrunken wheat, wild buckwheat, wild oats, and some other culti 
vated coarse grams Screenings, however, were foul with fine weed 
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seeds, such as lambs quarter, stinkweed, mustards, etc., some of 
which are injurious to livestock. Equipment for the removal of these 
weed seeds was not generally available at the time. 

These investigations revealed another problem. Microscopic exami- 
nations revealed that finely ground oat hulls were being added to 
shorts. This addition resulted in a lighter colored and more floury 
product and led farmers to believe they were getting a better quality 
feed. 

The most common adulteration and the one most often complained 
about, was the addition to mill feeds of ground grain screenings. This 
was, in effect, returning to the bran and shorts the screenings cleaned 
out of the wheat before the flour was milled. Had this practice not 
included the harmful weed seeds it might not have given rise to so 
much complaint. The petitions from farmers individually and through 
their livestock organizations led to new legislation in 1920 to regu- 
late the sale and inspection of feeding stuffs. This Canada Feeding 
StuQs Act of 1920 was designed to make it possible for feeders to 
know what they were buying and at the same time to protect manu- 
facturers and dealers from unscrupulous competition. Certain ma- 
terials including hays and straws and the common whole grains as 
well as roots, wet brewers’ grains and other watery materials, which 
arc often of a perishable nature, were cxcmplcd from the provisions 
of the law. The materials that are covered are classified into three, 
main groups, vis.: chop feeds, flour mills by-products, and commercial 
feeding stuffs. These each have different standards of quality and 
demand different labeling; but all carry a uniform restriction against 
the presence of mustards, purple cockle, ergotized grains, and other 
seeds or materials regarded as injurious to the health of livestock 
or poultry. 

The large number and great variety of materials that enter into 
'he composition of mined feeds makes it impossible to judge quality 
tram simple inspection. The 1920 law required every bag (or p.arccl) 
of such feeds to be labeled by the manufacturer with the minimum 
percentage of protein, and masimum percentage of fat and crude fiber 
“s 'veil as the specific name of cveo' ingredient contained in the feed. 
(This provision lias been extended in some respects in the later rc- 
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vision ) The administration of the last part of this requirement made 
It necessary to establish official names and definitions of feeding 
stuffs involved, and this part of the Act has proved to be a most 
useful one to all who have occasion to use feeds 

The 1920 version of the Act has been modified as new develop- 
ments in livestock feeding and in gram handling and processing have 
dictated, but the basic function of the legislation has remained the 
same Some idea of the scope of the Canada Feeding Stuffs Act as 
well as the specific kind of problem dealt with are indicated by the 
excerpts from the 1953 revision which follow To anyone seriously 
concerned with the nature of feeds and their use it is worthwhile 
reading The fact that as legislation it applies only to Canada is 
quite immaterial in this respect For those who are concerned with 
commercial feeds professionally, the laws applying to their own 
problems must, of course, be used 


Excerpts ftom 

The Feeding Stuffs Act (Chapter 113 of the Revised 
Statutes of 1952) and Regulations 

CANADA DEPARTMENT OF AGRICULTURE 

(c) Feeding stuff means any article intended for consumption by 
live stock and purporting to supply proteins, carbohydrates fats 
minerals condiments or vitamins and shall include any article pre 
pared for the purpose of preventing or correcting nutntional dis 
orders 

(1) Subject to subsection (2) this Act does not apply to 

(a) whole hays straws com stover and silage when unmixed with 
any other matenal 

(b) hulled oats hulled barley cracked Indian com and the whole 
seeds or grains of culUvated farm crops 

(c) feeding stuff prepared m accordance with a prescription provided 
and signed by the purchaser for consumption or processing by 
such purchaser 

(d) feeding stuff for export from Canada and so labelled 
or 

(e) feeding stuffs sold by the individual grower thereof 
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(6) The Minister may refuse to register any feed'ng 
(o) it in his opinion the brand or name would tend to deceive or m - 
lead a purchaser in respect of the composition or utility value of 

the feeding stuff, . . . 

(6) under a brand or name identical with or in the opinion of t 
Minister likely to be confused with a brand or name already ap 
plied to a registered feeding stuff, 

(c) If the specific name of each and every ingredient used m its 
manufacture be not stated, or 

(d) If a sample of the feeding stuff, which, upon f 

shall submit and certify as representative of the ^ ^mg 
be registered, is found not to accord with the provisions of this 

(7) No change in fhXTnd, name, chemical composition or ingredients 

of ale^Lred feeding sTuff shall be made without -d'en approvid 
of the Minister, who may refuse to allow any Xriz" 

would lower the feeding value of "“Lons as m 

either at the time of registration or subsequently, sue 

hts opinion do not warrant registration as a separa , ...a !„ cd, 

5 (1) Every package containing any feeding *'“<1 , 

umn 1 of ScheLle A shall be labelled in such manner as may from time 

'^'™L^Ly^tr?ab^?sM^ m'relation to such feeding stuff, show 
conspicuously and legibly , 

(fl) the name and address of the registered o , . r 

ib) the brand and name, which shall 

composition and nutritive purposes as m y P 
(c) the registration number, 

id) the net weight of contents, -iuch terms, and 

;Xutro^f l^teT^tluL"^ ILl-quantuy of 

(f) “he^ruammeed' LaTy^fs rett^rforth 'such particulars as are men- 

tioned in column 2 of such required to 

(g) .any matter mentioned in ' '“Pj'Lg.stration corresponding as 

rortiCn^LLL^ri'm Tvers part.Llar with that so set forth 
Upon application 

ntc reeding Stuffs (General) Regulations 

f; (1) Escept as provided m ;^(::dL' Muff 

=uffiori 7 c in anj specific case, cveiv package o „ 

r«k3emg in conlaincrs made of burlap 1 ' ,,,^ 1 , „niain a net 

c'ncrcd or licld in possession for sale m • 



Schedule A 


Arhcle of Feeding Stuff 


Partictilaw of analysis to be guaranteed in 
accordance with Section 5 (2) (/) 
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quantity of five pounds, ten pounds, twenty-five pounds, fifty pounds or 
one hundred pounds of such feeding stuff 

(2) Nothing in subsection (1) shall be deemed to prohibit 
(«) the use of any bag or container by a farmer for containing his 
own produce for sale or processing, 

(6) the use of any bag or container by a retailer selling in bulk and 
not as a unit any quantity of feeding stuff specified by a customer, 
ic) the use of any container for shipment of ingredients for feeding 
stuffs to a manufacturer of feeding stuffs where the product is 
not to be resold m such container, 

(d) the packaging of tonics or conditioners in packages containing a 
net quantity of less than five pounds, 

(e) the packaging of rolled or crimped unhulled oats or of oyster shell, 
clam shell or coquina shell or of any feeding material purported 
or commonly considered to be primarily a source of calcium or 
calcium and gnt in packages containing a net quantity of eighty 
pounds, or 

(/) the packaging of feed flour m packages containing a net quantity 
of ninety-eight pounds 
5 (1) For the purposes of this section, 

(a) ‘mineral feed ’ means a mixed feeding stuff that supplies minerals 
for the nutrition of livestock but does not include 

(i) feeding stuffs intended or represented primarily as complete 
or balanced mixed feeds or as protein mineral or protem- 
mineral vitamin supplements and which are required to be 
registered, pursuant to seciton 4 of the Act, 

(ii) salt to which has been added one or more of the following, 
namely, a cobalt compound, a manganese compound, an 
iodine compound, a recognized iodine stabilizer and coloring 
matter, which coloring matter may be an iron compound, 

(ui) any single ingredient feed to which has been added one or 
more of the following, namely a cobalt compound, an iodine 
compound a recognized iodine stabilizer and colouring mat- 
ter, which colounng matter may be an iron compound or 
(iv) any preparations for the treatment of disease or to aid re- 
covery from disease or debility which preparation is repre- 
sented for use only while such disease or debility persists 
and any other preparation represented for temporary use 
for specified purposes which preparation, m the opinion of 
the Dominion Animal Pathologist, would usefully serve such 
purposes when used to supplement a balanced ration, 
ib) “trace mineral feed ’ means a mixed mineral feed that is intended 
or represented as supplying mineral elements olher than calcium, 
phosphorus and salt and which is labelled with the percentage 
content of such of the following as arc purportedly present iodine 
(I), iron (Fe), cobalt (Co), manganese (Mn) and copper (Cu) 
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m Every mineral feed shall contain only 

fr^mS feed which is m block form may contain a binding agent 
‘ ’ of a kind and m a quantity acceptable to 'he Mmjs'er. ^ 

(cl a trace mineral feed may contain a earner of a kind a" j 
‘ ’ quantity acceptable to the Minister but for which no chemical 

Id) Sy'^ineSl'feeTmay contain a dost control agent of a kind and 
m a quantity acceptable to the Minister . 

(3) Xn the application for registration and on the P^kage 
Duroose of any ingredient incorporated into a mineral feed as 
LSt or a carrier or a dust control agent shall be clearly indicated 
^(4) Apart from the statement of analysis and 

the Act no representations shall be made on the package label as to the 
value or need of mineral elements other than . 

(a) a calcium, phosphorus salt, iodine and cobalt m a mineral f 
for cattle, sheep or horses, 

(b) calcium, phosphorus, salt, lodme, iron and copper in a mineral 

feed for swme, or . , 

(c) calcium, phosphorus, salt, iodine and manganese m a mineral iteu 

for poultry ... 

(5) Every mineral feed intended or represented for feeding to catue, 
sheep horses or swme. other than a trace mineral feed, shall 
for registration only if it conforms to the specifications of Table 2 of the 
Schedule hereto, provided that 

(c) nothing herein contained shall require the use of salt m any min- 
eral feed, , 

(b) for each one per cent that the phosphorus content in a mineral 
feed for cattle, sheep or horses exceeds the minimum specified, 
the calcium content may be decreased by not more than one per 


cem, 

(c) such specifications shall not apply to a mineral feed for cattle, 
sheep or horses which is in block form and which contains a mini- 
mum of 4 5 per cent by weight of phosphorus 

(6) In the application for registration and on the package label the 
names of the kinds of livestock for which such mineral feed is intended 
shall be clearly indicated 

(7) Every mineral feed intended or represented for feeding to poultry, 
foxes rabbits or mink which contains more than one ingredient shall be 
eligible for registration only if it is a trace mineral feed but a trace 
mineral feed may be represented for feeding to any kind of livestock 

(8) Every package of trace mineral feed shall be labelled with mixing 
directions which prescribe its use at not more than five pounds per ton 
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in complete or ready to feed mixtures and not more than twenty pounds 
per ton in feed supplements containing 24 per cent or more of crude 
protein. , , 

10. Every drum or package of any product purported or commonly 
considered to be primarily a Vitamin A or Vitamin D or bot i amin 
and Vitamin D supplement, sold or offered or held in possession for sale 
in Canada as feeding stuff, other than fish oils to be further processed or 
blended before use as, or for incorporation into, feeding stuffs, shall be 
labelled with the following particulars: 

(a) the name and principal address of the manufacturer, 'mporter or 
seller possessing or assuming proprietorial rights to such product, 

(^>) the brand name, if any; , , . . . 

(c) the maximum percentage of free fatty acid expressed as otoc acid 
if in excess of two per cent at the time of distribution from the 
premises of the proprietor or his agent; 
id) the specific name of every ingredient incorpora e 

A and Vitamin D content, and also of other ingredients, if a y, 
as the Minister may direct, except that 

Tolerances for Minerals 

Applicable to Feeds for which mineral guarantees are required in 
Schedule A to the Act 


Minwal Item 


Calcium (Ca), Phosphorus 
(P). and Salt (NaCl) 


Guaranteed Amount 
(as per cent by 
wetght ot the feed) 

Under 3 per cent • • • 


3 per cent to IS per cent 
inclnsi>e 


Over 15 per cent . 


Permitted Tolerance 
not to exceed 

A deficiency or excess of 0 5 
per cent of the feed 


Subject to Notes 1 and 2. n 
deficiency or excess of 20 
per cent of the yunranteed 
amount 

Subject to Notes 1 and 2. a 
deficiency or excess of 3 0 
per cent of the feetl 


(1). Iron (Te). Co- 

(Co), Manganese A deficiency of 20 per cent of 

'Mn), and Copper (Cu) All amounts guaranteed amount, an 

excess limited to qtiantiti<-s 
Iikelv to lie injurious to the 
health of hsestock 


t— In a mineral feed for iwinc, the imnimw i 
V,„ « f«s than S times the percentage of P maiirnuin percentage of caltiiim 

2-ln a mineral fet^ for cattle, aheep m fD- 

(Ca) shall not exceed 2W times the peTCeniaRc o i 
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(i) the name ‘blended fish oil” may be employed to designate 
a blend of oils from two or more kinds of fish, and 
(ji) the name ‘cod liver oil ’ may be applied to oil from the livere 
of the cod family, including cod, haddock, hake, cusk and 
pollock, or 

(e) m lieu of the particulars specified in paragraph (d), a general 
nutritive designation acceptable to the Minister such as “Vitamin 
A and D Feeding Oil,” or “Vitamin A and D Supplement,” subject 
to the following provisions 

(i) such designation may be applied only to a product of guaran- 
teed vitamin potency containing per gram at least 85 inter- 
national units {I U ) of Vitamin D and 850 international 
units (I U ) of Vitamin A, when the said vitamins, respec- 
tively, are indicated or implied, and 

(ii) the term “fortified’ or other term of like purport shall not 
be applied to a fish oil which constitutes less than 75 per cent 
by weight of a named kind, nor to a product containing per 
gram less than 150 international units (1 U ) of Vitamm D 
and 1,000 international units (lU ) of Vitamm A, when the 
said vitamins, respectively, are indicated or implied, 

(/) m the case of a product guaranteed as to Vitamm A or Vitamm 

D potency 

(i) such potency expressed as a minimum number per gram of 

Table 2 

Specifications for Mineral Feeds under Section 9(3) (a) of these 

Regulations 


Mineral Item 


Content or Proportion 
m Mineral Feeds for 
Feeding to 


Cattle and/or 
Swme Sheep and/or 
Horses 


MiDimum calcium (Ca) content — 

(a) m mixtures containing salt 

(b) in mixtures containing no salt 
Minimurn phosphorus (P) content 

(o) in mixtures contaning salt 
(b) in mixtures containing no salt 

of calcium <Ca) to phospho- 
M nimuni proportion by weight of calcnim (Ca) to phospho- 


Maximum salt (NaCl) content ta 
Minimum salt (NaCl) content in 


nQ 

5tol 
25 0% 
20 0 % 


15 0% 
22 5% 

6 0 % 
9 0% 

2 5 to 1 



Appendix 2-421 

international units (I U.) provided that for any product not 
specifically designated for mammalian use only, the method 
of assay for Vitamin D shall be the chick assay method 
of either the Association of Official Agricultural Chemists 
(A O A C ) or the British Standards Institute (B S I ) , and 
(ii) the laboratory control number and the month and year of 
guarantee, 

(g) in the case of a product not guaranteed as to Vitamin A or Vita- 
min D potency 

(i) the word “untested,” or if the product is a recognized source 
ot both Vitamins A and D but tested for one only of the said 
vitamins, the words “untested for Vitamin A" or “untested 
for Vitamin D,” as the case may be, such word or words to 
appear conspicuously m immediate association with the brand 
or name of the product, and 

(ii) the month and year in which the drum or package was filled 


The Feeding Stuffs (Ministerial) Regulations 

(2) Where a feeding stuff contains one ingredient only, the name of 
the feeding stuff, other than the brand name, if any, shall be the name 

°'7'’where'pro"tein feeds tdenfcal as to kind are to be S“^n'^ ^y 
any manufacturer to contain different percentages of protein they are not 
eligible for registration unless the application for registration sets out 

(o) a different brand name for each protein level, or 
(f>) the percentage ot protein content as part of the brand or name 
8 (1) Where a mixed feeding stuff is represented as supplying pro- 
tem or carbohydrates it is not eligible for registration uniMS 

(n) the application for registration indicates in the name ot the feed- 
ing stuff or in direct association therewith 

(i) the class of livestock for which it is intended or 

(ii) a general nutnlive classification of the f^^ms = ' ‘ ® 

protein supplement, basal feed or roug ag , , . 

(h) the fading stuff possesses the essentials in chemical and physical 

, composition for the purpose or circum- 

(2) Unless the applicant establishes that ere , p ^ 

fences lo warrant registration, a mixed feeding stuff is not eligible for 

uTaTa protein supplement, if it contains less than thirty per cent by 

(^) rs^fLlrfctd.'^ff 'rcontains more than eighteen per cent by 

(0 Srwi:: than reughage feed, if it contains more than cighlcen 
per cent by weight of crude fiber. 
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General 

12 (1) Except as provided m subsection (2), a feeding stuff that sup- 
plies or that IS purported to supply protein, carbohydrates, fats or minerals 
shall not contain , 

(a) more than one half of one per cent by weight of any or ail oi 
the materials listed in Table 2 of the Schedule hereto, but when 
screenings are sold or offered for sale singly they may contain not 
more than one per cent by weight of such materials and an ad 
ditiona! one per cent by weight of wild mustard and hare’s ear 
mustard seeds 

(fc) fluorine (F) in an amount likely to be deleterious to livestock and 
not exceeding the following proportions 
(i) 0 2 per cent by weight (2.000 parts per million) in any 
mineral which is represented for feeding direct to cattle or 
m any mineral mixture for cattle containing up to 9 per cent 
by weight of phosphorus 

(u) 0 3 per cent by weight (3 000 parts per million) in an> 
mineral mixture for cattle containing at least 9 per cent by 
weight of phosphorus, 

(lu) 0 027 per cent by weight (270 parts per million) in any 
protein mineral supplement for cattle containing 24 per cent 
or more but not more than 30 per cent by weight of protein, 
(iv) 0 036 per cent by weight (360 parts per million) in any 
protein mmeral supplement for cattle containing more than 
30 per cent by weight of protein, and 
(v) in any other feeding stuff containing less than 24 per cent 
by weight of protein 

0 010 per cent by weight (100 parts per billion) for sheep, 

0 009 per cent by weight (90 parts per million) for cattle. 

0 014 per cent by weight (140 parts per million) for swine, 

0 035 per cent by weight (350 parts per million) for poultry 

(c) damage from heat must mould or any other cause which would 

(i) render it unfit for feed or 

(ii) make it unsafe for feeding in proportions commonly used, 
unless the feeding stuff is sold under such conditions as the 
Chief of the Plant Products Division may authonza in any 
particular case 

(d) any product of animal bird or fish origin that is not fresh or 
sound or that has not been cooked thoroughly at not less than 
boiling temperature 

(e) any hoof, horn or hair of animals or feathers except m such 
amounts as are reasonably unavoidable in good factory practice, 
(/) any chaff or dust except as a declared ingredient or as a 
recognized tolerance in a declared ingredient or 
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Minimum Protein Levels for Registered Feeds under Section 3 


Kind or purpose of feed 


CATTLE FEEDS 

A Complete or ready to feed — 
Cows on pasture 
Dry and freshening cows 
Growing calves 
Pregnant heifers 
Bolls in service 
Fattening steers 

Cows in milk 

B Supplements 
C Basal feeds 


Minimum 
level at 
which 
protein 
guarantee 
must be made 


Percentage 


13 

13 

13 

13 

13 

13 

15 

24 

11 


SWDjg FEEDS 

* Complete or ready to feed— 

P S starter 
P*S5 starter grower 
P>g grower 

Nursing and/or pregnant sows 
Breeding gilts and boars 
Hog finisher or fattener 

B Supplements — 

Starter and/or sow 
General piupose 


chickev feeds 


A 


Complete or ready to feed — 

1 Laying Mash — 

(o) Battery mash 
(b) To be fed with scratch grams 
Breeder or hatching mash 
Chick Starter mash 
\ Broler mash 

“ Crowing or range mash ^ j. 

® Growing mash designated for confined birds 


® Suppien,p,„_ 

J ^ying or general purpose 
a or hatching mash 

^ Chick starter 
; Crowinu 
5 Broiler 
® FaltemnL 


^ and/or Turkey Feeds (Poultry Fcecb) 
*'»tteninK or IleshinK mash — 

Complete type 
'b) For mixing with milk 


17 

16 

15 

IS 

15 

13 


35 

35 


14 
16 
16 
16 
17 

15 

16 
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Kind or purpose of feed 


Mtnunum 
level at 

protein 

g nar antee 

mart be made 


Percentage 


A Complete or ready to feed — 

1 Laying or breeder masb — 

(a) To be fed with scratch grain* 

(b) All masb type 

2 Starting masb 

3 Growms mash — 

(a) To be fed with scratch grams 

(b) All math 

B Supplements— 

1 Laying hatching or breeder 

2 Starter 

3 Growing 


IS 

15 
24 

18 

16 


35 

SS 

35 


PUCK rtzot 


Complete or ready to feed — 

1 Laying or breeder majh 15 

2 Starting mash IS 

3 Crowing mash 15 

4 Fattenmg aasb 15 


(s) any other material in quantities likely to be deletenous to live- 
stock 

13 No chopped, crushed or ground feeding stuff shall contain more 
than fifteen vital seeds per ounce of any or all of the weeds listed id 
Table 3 of the Schedule hereto 


Table 2 

INJURIOUS 
Materials under 
SECTION 12 (1) (a) 
Darnel 
Purpfe cockle 


Cow cockle 
Wild mustard 
False flax 

Wormsced mustard 


Stmkweed 
Tumbling mustard 
Hare’s ear mustard 
Ergotized grams 


Definitions 

Alfalfa Legume and Grass Meal 
For the purposes of these regulations, 

(a) le^me meal,” “grass meal” or “legume-grass meal’ is ground, 
unthreshed hay without the removal of leaves except as occurs 
naturally m hay making pracUce and without the addition of for- 
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Table 3 

WEEDS UNDER 

SECTION 13 
Bladder campion 
Blue weed 
Canada thistle 
Chicory 
Couch grass 
Cow Cockle 
Darnel 
Dock 
Dodder 
Downy brome 
False Flax 
Field bindweed 
Field peppergrass 
Flixweed 
Forked catchfly 
Halogeton 
Hoary alyssum 


Hoary cress 
Johnson grass 
Lamb’s quarters 
Leafy spurge 
Mustard, ball 
Mustard, dog 
Mustard, hare’s ear 
Mustard, tansy 
Mustard, tumbling 
Mustard, wild 
Mustard, wormseed 
Night flowering catch- 
fly 

Ox-eye daisy 
Perennial sow thistle 
Poverty weed 
Purple cockle 
Ragweed, common 


Ragweed, false 
Ragweed, great 
Ragweed, perennial 
Red cockle 
Redroot pigweed 
Ribgrass 

Russian knapweed 
Russian pigweed 
Russian thistle 
Stickweed 
Stinkweed 
Toad flax 
White cockle 
Wild carrot 
Wild radish 
Winter cress or yel- 
low rocket 
Yellow cress 


eign material, it shall not contain more than 33 per cent of crud 

(b) fecondumns govem.ng the use of the lerru "oltalfa” shall apply 
m like manner when another species 'S 

(c) the general terms • legume” of which constitutes 

named species and no species shall be nameu 

less than 25 per cent of a mixture, legume 

(rf) the terra ‘ dehydrated” may be ,1^ hay from which 

meal, grass meal - by umfic.al heat, 
the meal was ground was dried rap y y 
(e) per cent” means per cent by weight ,, .r 

Meal consists of at least 75 per cen alfalfa leaves and 

Leaf Meal consists of at least 80 P=>- cent of alfalfa 

not contain more than 18 per c®"* ° ^ which leaves have been 
Jlhlfa Siem Meal consists of 33 per cent of crude 

JP^entionally separated or which contains more than P 

, "'W/p Gross Meal consists of nl least 50 per cent of alfalfa and at 

^rcomists of ». .ca,t 25 per cent of legumes and at 


least 


25 per cent of grasses _f nn«es 

Cross Meal consists of at least 75 per cent of g 
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Animal Products 

Blood Meal is ground, dried blood 

Feeding Tankage is the wet rendered or dry rendered, or both, residues 
from animal or poultry tissues suitable for feeding livestock and con- 
taining not less than SO per cent of crude protein, ii shall not contain 
more than 35 per cent of blood, if it is labell^ with a name descriptive of 
Its kind, composition or origin it shall correspond thereto, when wet- 
rendered It shall be tanked under live steam 

A product otherwise as defined but containing less than 50 per cent 
of crude protein shall be labelled Feeding Meat and Bone Tankage pro- 
vided that nothing shall be labelled as Feeding Meat and Bone Tankage 
which contains less than 40 per cent of crude protein 

Meal Scrap or Meat Meal is the dry-rendered or open-kettle rendered, 
or both, residues from animal or poultry tissues suitable for feeding live- 
stock, and containing not less than 50 per cent of crude protein, it shall 
be free from blood meal and shall contain only such traces of blood as 
may occur unavoidably m good factory practice when it is labelled with 
a name descriptive of its kind, composition or origin it shall correspond 
thereto 

A product otherwise as defined but containing less than 50 per cent of 
crude protein shall be labelled Meat and Bone Scrap or Meat and Bone 
Meal, provided that nothing shall be labelled as Meat and Bone Scrap 
or Meat and Bone Meal which contains less than 40 per cent of crude 
protein 

Feeding Bone Meal is the dned, ground product containing not less 
than 10 per cent of phosphorus (P) free from objectionable odour and 
of a quality suitable for feeding obtained from undecomposed bones 
which have been cooked to remove excess fat and meat 

Feeding Steamed Bone Meal is the dried, ground product containing 
not less than 12 per cent of phosphorus (P), free from objectionable 
odour and of a quality suitable for feeding obtained from undecomposed 
bones which have been cooked with steam under pressure 

Bone Char or Bone Black is the product obtained by charring bones 
in closed retorts 

Animal Liver Meal is the product obtained by drying and grinding 
liver from slaughtered mammals 

Animal Liver and Glandular Meal is the product obtained by drying 
and grinding liver and other glandular tissue from slaughtered mammals 

Animal Fat is fat rendered from animal tissues, of a quality suitable 
for feeding, and may contain an antioxidant approved by the Food and 
Drug Regulations or by the Chief, Animal Pathology Division, Canada 
Department of Agriculture 
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Barley Products 

Barley Feed is the entire by-produet resulting from the manufaeture 

of pot or pearl barley from clean barley. ^ntintr nf hnrlev flour 

Barley Mixed Feed is the entire offal f™™ '’’f, “"'"S ‘’SS 
from clean barley, and is composed of barley hulls y 

Beet Products 

Dried Bee, Pulp is the dried 
cleaned and freed from crowns, leaves and , 
been extracted. 

Brewers’ and Distillers’ Products 

Breivcri’ Dried Grains is the dried. Jfting^jrom the manu- 

fud/or other cereal grain or gram products, resulting 

facture of wort. fermentive non-extracted yeast 

Brewers’ Dried Yeas, is the dried non 
obtained as a by-product in the jemoval of the sprouts 

Mali Sprouts is the product other parts of malt and 

from malted barley together with the malt hui 

*°reign material unavoidably present. . cereal (e.g. rye 'malt 

cereal shall be designated by the name 

• .ua, dried residue obtained in the manu- 
Corn Distillers' Dried Grains is the grain mixture m 

footure of alcohol and distilled liquors from corn 

'vhich com predominates. ^ . j vd rpsidue obtained in the manu- 

^ye Distillers’ Dried Grains is the n grain mixture in 

facture of alcohol and distilled liquors from rye or t 
which rye predominates. . . j^igd residue obtained in the 

^^heat Distillers’ Dried Grains wheat, or from a gram 

Manufacture of alcohol and distilled liq 

Mixture in which wheat predominates. nuiillers’ 

ddcft to the name of Uistiuen* 
The term “With Solubles” ® _jor portion of the condensed 

Dried Grains which contains the major p 

screened stillage dried therewi * , obtained in the manufac- 

Semi-Solid Distillers’ Solubles is the ^ molasses by condens- 

of alcohol and distilled liquors „age obtained therefrom. 

IJS to a syrupy consistency Jhe sc thereto. • I'l 

yhen the source is indicated it shall by drying semi-solid 

^Dried Diudlers- Solubles h iiia prodact B correspond 

“‘idlers- Solubles. When the source is mcea 
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than 9 per cent of oil from undecomposed, whole fish and/or fish 
cuttings 

Oily Fish Meal is the clean, dried, ground residue, containing more 
than 9 per cent of oil from undecomposed, whole fish and/or fish 
cuttings. 

Fish Residue Meal is the clean, dned, undecomposed residue from 
the manufacture of glue from non-oily fish 

Whale Meal is the clean, dned, ground residue after the extraction of 
oil from undecomposed whale flesh 

Cod Li\er ^feal is the clean dned, ground residue after the extrac* 
tion of oil from undecomposed fixers of the cod 


Note Any of the aboxe defined manne products 

(fl) which is designated as to the kind or tj'pe of fish emplojed in 
its manufacture shall correspond thereto, 

(6) shall be free from anj solvent 

, (c) shall include the perccntace of salt as pan of the brand or name 

when the salt content exceeds 4 per cent by weight (eg 
Meal 6 per cent Salt) 

Condensed Fuh Solubles is the product obtained bj condensing th« 
solutions from the hsdraulic process of oil OTlraction from fish 
Cod Limr Oil is oil from the livers of the cod 
fferrins 0/1 IS oil from whole herring or parts thereof 

or pmts ihereo” “ 0'‘ ''O'" "h°'o Pacific pilchard or sardine 

Sotmon Oil is 0.1 from salmon or parts thereof 
Solmon Liver 0,1 is oil from the livers of salmon 
Tune Oil is od from tuna or parts thereof 


Oat Products 

Oat Groats or Hulled Oats are oau «,.fh oi, t. n 
of crude fiber cereals and containing not more than 2 per cent 

ru?e°fite/obhSiS m th^njitoe of^w"”'°® ‘°°'o P" 

Oa, Shorls is t“e bj ““o "I""" ""t 

crude fiber, obtained m Endl^oTtahl” T7 '' P" ° 

Oat Feed is the hv of table cereals from clean oats 

co.de fiber, obmmed m -"“'f ^2 per cent of 

Ooi Hulls are the outer covering table CCTeals from clean oats 
obtamed in the milbng of table P'“’“" 

more than 22 per cent of crude l£?d,ai?b"'u “"'a"","® 

»uue noer shall be designated as “oat hulls 
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Pea Products 

Pea Bran is the coarse outer covering of threshe*d peas. 

Peanut Products 

Peanut Oil Cake is the residual product after the extraction of oil 
from peanut kernels. 

Peanut OH Meal is ground peanut oil cake. 

Unhulled Peanut Oil Feed is the residual product after extraction of 
oil from whole peanuts. 

Peanut Skins is the thin red-brown outer covering of the peanut 
kernel exclusive of hulls and may contain broken peanut, kernels. 

Peanut Meal or Ground Peanuts is ground peanut kernels and may 
contain peanut skins not exceeding the proportions in which they occur 
naturally. 

Rice Products 

Rice Bran is the pericarp or bran layer of rice, with only such quan- 
tity of hull fragments as is unavoidable in the regular milling of rice. 

Rice Polish is the finely powdered material obtained in polishing rice 
kernels. 

Rice Feed is the mill-run by-product obtained in the manufacture of 
polished rice from hulled rice, and consists of rice bran, rice polish and 
broken rice particles. 

R}e Products 

Rye Bran is the coarse, outer covering of the rye kernel as separated 
in the usual processes, other than scouring, of flour milling. 

Rye Shorts consists of fine particles of bran, germ and a small propor- 
tion of low-grade or fibrous flour as separated in the usual processes of 
flour milling. It shall contain not more than 8 per cent of crude fiber. 

Rye Middlings consists of a small proportion of fine bran particles, 
germ and a large proportion of low-grade or fibrous flour as separated in 
the usual processes of flour milling. It shall contain not more than 4*5 
per cent of crude fiber. 

Rye Feed is the mill-run by-product separated in the usual processes, 
other than cleaning or scouring, of flour milling. 

Screening and Scourings 

No. 1 Feed Screenings consists of wild buckwheat and broken and 
shrunken grain and may contain small proportions of other seeds of feed- 
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Buckwheat Products 

Buckwheat Shorts or Buckwheat Middlings arc the portions of the 
buckwheat gram immediately inside the hull, as separated from the flour 

Cocoanut Products 

Cocoaniif Oil Meal or Copra Oil Meal is the ground residue after 
extraction of oil from the dried meat of the cocoanut 

Corn Products 

Corn Bran is the outer coaling of the com kernel, with little or none 
of the starchy part or the germ 

Corn Feed Meal is the fine particles sifted from ground or cracked 
corn 

Corn Grits or Hominy Grify are the fine or medium sized hard, flinty 
portions of sound Indian com, with little or none of the bran or germ 
Com Gluten Feed is that part of commercial shelled com that remains 
after the extraction of the larger part of the starch and germ by the proc 
esses employed m the wet milling manufacture of corn starch or corn 
syrup It may or may not contain either corn solubles or corn oil meal 
Corn Gluten Meal is that part of commercial shelled com that remains 
after the extraction of the larger part of the starch and germ, and the 
separation of the bran by the processes employed in the wet milling manu- 
facture of com starch or syrup It may or may not contain either com 
solubles Or corn oil meal 

Maltose Process Corn Gluten Feed is the dried residue from degermed 
corn, after removal of the starch in the manufacture of malt syrup 

Hominy Feed is a mixture of the bran germ and starchy part of com 
as produced in the manufacture of pearl hominy, hominy grits or table 
meal and shall contain not less than 5 per cent of crude fat When 
prefixed with the words while or yellow, the product shall be from 
corn of ihe colour indicated 

Corn Oil Cake is the residual product after extraction of oil from 
com germ as separated in the wet milling process of manufacture of com 
starch com syrup and other corn products 
Corn Oil Meal is ground com oil cake 

Corn Germ Cake is the residual product after extraction of ml from 
corn germ with other parts of the com kernel as separated in the dry 
milling process of manufacture of com meal com gnts hominy feed and 
other com products 

Corn Germ Meal is ground com germ cake 
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Cottonseed Products 

Cottonseed Cake is a product of the cottonseed only, containing not less 
than 36 per cent of crude protein and composed pnncipally of the kernel 
with such portion of the hull as is necessary in the manufacture of oil 
If It be firm but not flinty in texture, of sweet odour, free from mould, 
and will produce a meal of prime quality, it may be designated “Cotton- 
seed Cake, Prime Quality”, otherwise it shall be designated ‘ Cottonseed 
Cake, Off Quality ” 

Cottonseed Meal is ground cottonseed cake If it be finely ground, of 
sweet odour, reasonably bright in colour, yellowish, not brown nor red- 
dish, and free from excessive lint, it may be designated “Cottonseed Meal, 
Prime Quality”, otherwise it shall be designated “Cottonseed Meal, Off 
Quality ” 

Cottonseed Feed is a mixture of cottonseed meal and cottonseed hulls, 
containing less than 36 per cent of crude protein 

Whole Pressed Cottonseed is the product resulting from subjecting the 
whole, sound, mature, clean, undecorlicated cottonseed to pressure for the 
extraction of oil, and includes the entire cottonseed less the oil extracted 
and the Imt removed 

Linseed nnd ria\ Products 

Linseed Cake or Oil Cake is the residual products, after extraction of 
oil from commercially pure flaxseed It shall not contain more than 0 5 
per cent of acid insoluble ash. when the process cmplo>ed in extracting 
the oil IS designated, it shall correspond thereto 

When ground, it shall be labelled Linseed Oil Meal, Oil Cake Meal or 
Linseed Oilcake Meal 

Ground Flaxseed or Flaxseed Meal is the product obtained by grinding 
commercially pure flaxseed 

Unscreened Flaxseed Oil Feed Cake is the residual product .aflcr 
extraction of oil from flaxseed which is not of commercial purit> When 
ground it shall be so designated 

Screcninfis Od Feed is the residual product after the extraction of oil 
from flaxseed screenings 

Marine Prodticfs 

White Fish Meal is the clean, dned, ground residue, containing not 
more than 4 per cent of oil, from undccomposcd, whole, non falls, while* 
fleshed fish, including cod. haddock, hake, cusk. pollock, skates and 
monkfish, and/or cuttings thereof 

Fish Meal is ibc clean, dried, ground residue, containing not more 
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ing value and wheat scounngs It shall contain not more than 7 per cent 
of crude fiber, not more than 3 per cent of small weed seeds, chaff and 
dust combined, not more than 5 per cent of ball mustard, not more than 
6 per cent of small weed seeds chaff, dust and ball mustard combined, 
not more than 8 per cent of wild oats, and shall be cool and sweet 

No 2 Feed Screenings is gram screenings with or without wheat scour- 
ings and containing not more than 11 per cent of crude fiber, not more 
than 3 per cent of small weed seeds, chaff and dust combined, not more 
than 10 per cent of ball mustard, not more than 10 per cent of small 
weed seeds, chaff, dust and ball mustard combined, not more than 49 per 
cent of wild oats, and shall be cool and sweet 

Uncleaned Screenings is grain screenings excluded from the preceding 
grades or classes because of the content of weed seeds, chaff or dust, but 
containing at least 35 per cent of material which, if separated, would 
classify as No 1 Feed Screenings 

Refuse Screenings includes all classes of gram screenings excluded 
from the preceding grades or classes because of the content of weed seeds, 
chaff or dust 
Provided TitAT 

(a) whole (unground) screenings, when sold under certificate of class 
or grade issued by an inspector appointed under the provisions 
of the Canada Gram Act, may bear the class or grade designation 
indicated to such certificate. 

{b) acreeomgs from small seeds, such as clovers and grasses, may be 
classified according to the crop seed from which obtained, 

(c) No 1 Feed Screenings and No 2 Feed Screenings shall not con- 
tain more than one per cent by weight of the materials listed in 
Table 2 of the Schedule hereto and an additional one per cent by 
weight of wild mustard and hare’s ear mustard seeds, 

(d) small weeds seeds shall be those capable of passing through a 
4V5/64 inch round perforation. 

Scotirtngs consist of such portions of the cuticle, brush, white caps and 
other materials as are separated from gram m the usual commercial proc- 
ess of scourmg 

Soybean Products 

Soybean Oil Cake or Soybean Oil Chips is the residual product after 
extraction of oil from soybeans 

Soybean Oil Meal is ground soybean oil cake or ground soybean oil 
chips 

»htat Products 

Bran IS the coarse, outer coveimg of the reheat hemel as scoarated 
in the usual processes other than scouting of flour milling 
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This association issues annually its official pubbcation, in which is 
given a wealth of information relative to the control of the commerce 
of feedstuffs It includes such items as official regulations concerning 
naming of ingredients, regtstratioa, labelling, weights of packages, 
use of preservatives, etc , as well as resolutions expressing the official 
attitude on a wide vanety of matters incidental to feeding stuffs 
legislation and regulation There is also a section giving official defini 
tion of feeding stuffs Another section is given over to a presentation 
of a considerable number of analytical procedures of the Association 
of Official Agncultural Chemists ‘ to be used as a guide and a source 
of ready reference in the analysis of feedstuffs ” The list is not 
exhaustive but covers those techniques necessary for the more funda- 
mental exaimnation of feedstuffs To one wishing an insight into the 
problems and the workings of the machinery of Feeding Stuffs Con- 
trol these publications are invaluable They are obtamable from the 
Executive Secretary, L E Bopst, College Park, Maryland, for the 
sum of $5 00 

Actual feed legislation m the Umted States is entirely a State re 
sponsibihty As a consequence, feed le^slation is not the same in all 
states One of the objectives of the A A F C O has been the unifica- 
tion of feed le&slation and in this connection they have, through a 
standing committee, designed a Model Feed Bill as a guide to what 
they believe such legislation should embrace Excerpts from it are 
presented m the following paragraphs 


Excerpts from the 


Proposed Uniform State Feed Bill 


Section 4. Registration 

a Each brand of commercial feed shall be registered before being 
offered for sale, sold or otherwise distnbuted in this state The applica 
tion [for registration] shall include the following information 

1 The name and principal address of the person responsible for distnbut 
mg the commercial feed 

2 The name or brand under which the commercial feed is to be sold 
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3 The guaranteed analysis, listing the minimum percentage of crude 
protein, minimum percentage of crude fat, and maximum percentage 
of crude fiber^ For mineral feeds the list shall include the following if 
added Minimum and maximum percentage of calcium (Ca), mini- 
mum percentage of phosphorus (P), minimum percentage of iodine 
(I), and minimum and maximum percentages of salt (NaCl) Other 
substances or elements, determinable by laboratory methods, may be 
guaranteed by permission of or by requirement by regulation of the 

— with the advice of the Director of the Agricultural 

Experiment Station When any such other items are guaranteed, they 
shall be subject to inspection and analysis in accordance with the 

methods and regulations that may be prescnbed by 

Products sold solely as mineral and/or vitamm supplements and guar- 
anteed as specified m this Section need not show guarantees for pro- 
tein, fat and fiber 

4 The common or usual English name of each ingredient used in the 

manufacture of the commercial feed, except as the 

shall regulate otherwise ” 

Section 7. Adulteration 

No person shall distribute an adulterated commercial feed A commer- 
cial feed or customer-formula feed shall be deemed to be adulterated 

a if any poisonous, dclctcnous or non-nulritivc ingredient has been 
added in sufTicicnt amount to render it injurious to animal henith 
b If any valuable constituent has been m whole or part omitted or 
abstracted therefrom or any less valuable substance substituted there- 
for 

c If Its composition or qualit> falls below or differs from that which 
It IS purported or is represented to possess b> its labeling 
d If It contains added hulls, screenings, straw, cobs, or other high fiber 
material unless (he mmc of each such material is clcarlj and promi- 
nently stated on the hbcl 

Section 7. Mishrantling 

No person shall distribute misbranded feed A commercial feed or 
customer-formula feed shall be deemed to be misbranded 
a If Its labeling is false or misleading in an\ pirticular. 
b If It is distributed under the name of another feed 
c If It IS not hl'cled as required in Section 5 of this Act and in regula- 
tions prescribed under this Act 

<1 If It purports to I'c or is represented as a feed ingredient, or if il pur- 
ports to contain or m rrpreseninJ as containing a feed ingmlimt. 
unless such teed iugicdieni conforms to the dcfiniiion of identiis. If 
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any, prescnbed by regulation of the in the adopting 

of such regulations the shall give due regard to com- 

monly accepted definitions such as those issued by the Association oi 
American Feed Control Officials 

e If any word statement, or other mformalton required by or under 
authority of this Act to appear on the label or labeling is not prom- 
inently placed thereon with such conspicuousness (as compared with 
other words, statements, designs, or devices, in the labeling) and m 
such terms as to render it likely to be read and understood by the 
ordinary individual under customary conditions of purchase and use 


Excerpts from the 

Rules and Regulations Under the Uniform 
State Feed Bill 

I Brand Names 

(a) The name of a brand must not lend to mislead the purchaser 
with respect to the quality of the feed If the brand name 
indicates the feed is made for a specific use the character 
of the teed must conform therewith A mixture labeled “dairy 
feed,’ for example, must be adapted for that purpose 

(b) A brand name of a non medicated feed shall not be denved 
from one or more ingredients of a mixture to the exclusion 
of other ingredients A distinctive name shall not be one 
representing any component of a mixture 

(c) The word vitamin, or a contraction thereof, or any word 
suggesting vitamin can be used only in the brand name of a 
feed which is represented to be a vitamin supplement and 
which IS labeled with the minimum vitamin content as speci- 
fied in Regulation 2(c) 

(d) The term mineralized * shall not be used in the brand name 
of a feed except Trace Mineralized Salt” When so used, 
the produce must contain significant amounts of trace mm- 
erals which are recognized as essential for the nutrition of 
farm animals The ingredients shall be stated in the form 
m which used 

(e) When the brand name cames a percentage value it shall 
be understood to signify protein content If any other per- 
centage values are used in brand names they must be fol- 
lowed by the proper descnption 
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2. Expression of Guarantees. 

(a) The sliding-scale method of expressing guarantees (for ex- 
ample, “Protein 15-18%”) is prohibited. 

(b) Drugs and hormones in commercial feeds shall be guaranteed 
in terms of percentage by weight; antibiotics in terms of 
grams per pound of feed. 

(c) Vitamins, when guaranteed, shali be expressed in milligrams 
per pound of feed, except that Vitamin A, other than pre- 
cursors of vitamin A, shall be stated in USP units; Vitamin D, 
in products offered for poultry feeding, in International 
Chick units; vitamin D for other uses, in USP units; vitamin 
E in a Vitamin E supplement, in International Units per 
pound of feed. 

(d) Minerals, except salt (NaCI) when guaranteed, shall be 
stated in terms of percentage of the element. 

3. Ingredient Statement. 

(a) Each ingredient must be specifically named. When an in- 
gredient has no common or usual English name, the names 
and definitions adopted by the Association of American 

Feed Control Officials are to be used unless the 

designates otherwise. 

(b) When water is added in the preparation of canned foods for 
animals, water must be listed as an ingredient. 

(c) The term “dehydrated” may precede the name of any prod- 
uct that has been artificially dried. 

(d) No reference to quality or grade of an ingredient shall ap- 
pear in the ingredient statement of a feed. 

4. Labeling. 

(a) The information required in Section 5(A) of the law must 
appear in its entirety on one side of a label or on one side 
of the container. 

(b) The names of all ingredients must be shown in letters or type 
of the same size. 

5. Minerals. 

(a) When the word “iodized” is used in connection with a feed 
ingredient, the ingredient shall not contain less than 0,007% 
iodine, uniformly distributed, 

(b) Mineral phosphatic materials for feeding purposes shall be 
labeled with a guarantee for the minimum pcrecnt.igcs of 
calcium and phosphorus, and the maximum percentage of 
fluorine. 

(c) The fluorine content of any mineral or mineral mixture 
which is to be us«l directly for the feeding of domestic 
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animals shall not exceed 0 30 per cent for cattle. 0 35 pet 
cent for sheep 0 45 per cent for swine, and 0 60 per cent 
for poultry 

Soft phosphate with colloidal clay, rock phosphates or other fluorine- 
bearing ingredients may be used only in such amounts that they will not 
raise the fluorine concentration of the total (grain) ration above the 
following amounts 0 009 per cent for cattle, 0 01 per cent for sheep, 

0 014 per cent for swine, and 0035 per cent for poultry 

6 Urea 

(a) Urea and ammonium salts of carbonic and phosphoric acids are 
acceptable ingredients m propnetary cattle, sheep and goat feeds only, 
these materials shall be considered adulterants m proprietary feeds for 
other animals and birds, the maximum percentage of equivalent protein 
from non protein nitrogen must appear immediately below crude pro 
tein in the chemical guarantee, and the name of the substance supplying 
the non protein nitrogen must appear in the ingredient list If feed 
contains more than 3 per cent of urea, or if the equivalent protein 
contributed by urea exceeds one third of the total crude protein, the 
label shall bear (1) a statement of proper usage and (2) the following 
statement in type of such conspicuousness as to render it likely to be 
read and understood by ordinary individuals under customary conditions 
of purchase and use 

WARNING This feed should be used only 
m accordance with directions 
furnished on the label 

7 Artificial Color 

(a) An artificial color may be used in feeds only if it has been shown 
to be harmless to animals No malenal shall be used to enhance the 
natural color of a feed or feed ingredient whereby inferiority would be 
concealed 

S Drugs hormones etc 

Before a registration is accepted for a commercial feed which con 
tains drugs hormones, or other ingredients which are potentially harmful 
to animals, the distributor may be required (1) to submit evidence to 
show the safety of the feed when used according to the directions which 
the distributor furnishes with the feed (2) to furnish a written state 
ment that adequate written or printed warnings and feeding directions 
will accompany each delivery of feed. (3) to state the percentage of the 
drug hormone, or other ingredients in a prominent place on the label of 
the feed 


9 Weed Seeds 

men weed seeds are contained in commercial feeds, their viability 
must be destroyed by fine gnndmg or by other means 
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Miscellaneous Tables and Charts 


Tables of Feed Composition 

It would be interesting to know how many sets of analytical figures 
have been compiled on feeding stuffs even during the past 10 years. 
The number would be fantastic if we included only data for the 
proximate analysis. Yet, in spite of this fact, there is available almost 
no reliable information as to the sample to sample variation that 
exists for feeds called by the same name. We have numerous compila- 
tions of chemical analysis figures of the common feeds, but these 
figures are, for each item recorded, merely the averages of whatever 
individual samples were included. The better known tables, such as 
those of Morrison or Schneider, indicate the number of analyses that 
were averaged to give the figures presented, and for some feeds the 
number is large. For example, Morrison has averaged over 10,000 
figures to arrive at the composition of cottonseed meal. For some 
feeds, however, only one or two sets of figures have been available on 
which to base the average composition. 

Such wide disparity raises a fundamental question regarding all 
tables of food or feed composition. What do such tables tell about 
n feed that is useful to (he nutritionist or the feeder? 

At the outset it will, of course, be obvious that tables of average 
analyses describe what is likely to be found in other samples of tliosc 
feeds. Tliis meaning is something different from the implication often 
fend into the figures: that other samples individually will have the 
same makeup as the average shown In the tabic. By definition a\cr* 

419 
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ages are the best single statistical statements of the most likely value 
of samples chosen at random from aU relevant figures But it is also 
true that where relatively few figures arc available their calculated 
average may not represent any one of the values at hand 

This statement makes it obvious that it is not good judgment to 
assume, for example, that the composition of any given samples of 
cottonseed meal will analyse 

Crude protem 43 2% 

Crude fat 7 2 

Crude fiber 10 6 

in spite of the fact that these were the mathematical averages of 
10,098 samples of 43% grade cottonseed meal 

Accordmg to calculaUons of Frapps* the standard deviations ap- 
phcable to protein, fat, and fiber analyses of feeds are about 10, 15, 
and 18%, respectively, which means that for two samples out of 
three the analyses might be expected to he between 

Protem 38 9-47 5% 

Fat 61-83 

Fiber 8 7 12 5 

We do not mean to say that if you exammed a number of samples 
their average values would not be those shown m the table but we 
do want to point out that specific smgle samples can be expected to 
differ from even the most reliable average by an appreciable amount 
The significance of this fact is that m the formulation of rations 
from tables of feed analyses, the calculated composition of the mix- 
ture may not agree with the figures obtamed by actual analysis of 
a sample of the feed mixture The discrepancy will be largely the 
effect of the deviation of each feed involved from the average given 
m the table used m the calculation The error will be smaller as the 
number of feeds used is mcreased smee m any one case the discrep 
ancy is equally Ukely to be above as below the average 

With feeds where but a few analyses are used m the averages, 
a second difficulty arises We are not sure the table average is a 
• Texas Bulletin 461 
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true statement of the proper figure. And if the table average is not the 
real average, then we cannot apply an average standard deviation 
with confidence that it will give us the true limits above and below 
the table averages within which we can expect to find individual 
samples. 

This problem is discussed here for two reasons. First, everyone 
working with feeds uses tables of feed composition. But unfortunateiy 
such tables do not at present give any indication of the variation 
that is characteristic of any particular nutrient between different 
samples of a feedstuff. And, as a consequence, the table user may 
neglect to take the variation into account in dealing with ration 
formulation. 

The second reason for discussing the problem concerns the data 
itself of such tables. Here we may be justified in considering two 
purposes that such data serve. The one is as an accurate record of 
the nutrient composition of feeds based on as extensive sampling as 
can be arranged in accordance with sound statistical considerations 
of sampling. Such tables are in course of preparation by a Committee 
on Feed Composition of the U.S. Research Council. These are the 
basic reference tables covering all feedstuffs and all of the nutrients 
and other chemical fractions of nutritional interest and significance. 
They are to be available in pamphlet form similar to the series of 
booklets of Nutrient Requirements of animals. With such tables 
readily available it is obviously unnecessary to encumber texts on 
feeds and feeding with any such extensive feed descriptions. 

A second type of table can be thought of as a working tabic whose 
purpose it is to define feeds with sufficient accuracy to enable the 
animal husbandman to use them properly in ration formulation. For 
such a purpose we must know the approximate content of the proxi- 
mate principles, and of sueh minerals and vitamins as \vc may need 
to consider specifically in the preparation of balanced rations. 

The protein figure establishes the category of the feed, as based 
on protein; the fiber, nitrogen-free extract, TON and digestible caloric 
figures are guides as to relative cncrg>' value; fat is indicative of 
energy value also; but, in addition, the figure for fat is of use in pre- 
dicting the stability of the feed in storage. This type of information 
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TABLE Ap-6 Selected List o/ Common Concentrate Feeds nith Topical 
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■ 

VITAMINS 

FeediWff* 
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14 
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1 
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0 05 0 38 
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9 
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0 04 0 29 
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10 

7 
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80 

001 0^8 
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7 4 

85 
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0J)3 0S7 
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11 

9 1 
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004 0J3 

1 6 
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11 

9 

3 2 

80 


0 03 0^7 
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10 

5 11 
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65 
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34 

04 

Oal ^rogh 

14 

11 

8 1 



0 09 044 

24 

04 

. ftisg 

12 

7 

12 9 

71 


0 07 0^1 

12 


Rice 

12 


16 7 

71 



89 

12 

Ry* 

13 

10 

2 2 

76 


0 04 016 

20 

07 

. V/h«ot 

IS 

It 

2 4 

83 

81 

0^3 043 

24 

50 

• Wheo! br«n 

16 

13 

4 10 

66 

57 

014 1^0 

34 

12 

V/heat ihorti 

17 

13 

5 7 


71 

0 08 0 94 

60 

14 

Prct*>n S»rpplements 
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Cottomced meal 

41 

36 

5 13 

79 

75 

020 1.19 

58 

14 

D tl Tten groin (com 

27 

20 

11 12 

81 


0 04 029 

20 

34 

Gliirten feed (com) 

25 

21 

3 6 

75 


0 14 0.55 


14 

. linseed oHmeol 

36 

34 

5 9 

76 

68 

046 074 

59 

14 

Molt sprovts 

23 

17 

1 16 

70 


024 071 


44 

Peanut oitmeol 

44 

4B 


80 

82 
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30 

02 

Soybean oilmeol 

44 

36 


73 

74 

028 066 

44 

14 
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• FisS meal 

66 

60 

2 1 


62 

4 24 3 06 

04 

30 
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51 

45 
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79 

1040 5 00 
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• Skimmlk powder 

35 

31 

1 0 


86 
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14 

70 

TorAege 

50 

46 

11 2 


67 

621 342 

04 

07 
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Alfalfa or gross mec 

1 12 

1 
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52 

33 
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20 

64 
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164 
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27 

2 

3 

75 
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34 
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Molasses (cone) 

— 
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04 

14 
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Nutrient Composition 


VITAMINS (Cont.nwed) 

amino acids (at % of dry feeds) 
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0 
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1 70 
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TABLE Ap-7 Selecled List of Roughage Feeds mth Typical Nutn- 


ent Composition 


Crude Prote n % 

TON 

Total £Mg F ber 

% % % CoHle 


Calcium Phojphorui ® 

% gm /lb % gm /lb <5 


Dry Hoyj and Fodder* 

Alfalfa oil onoly*e* 15 1 

AlfaWo port bloom 13 

. Barley 12 

B rdifool trefo I 1< 1 

Bromegra** 10 

Clover al*i^e 12 

Cover lad no 19 

Clover red 12 

Clover Ofld t moihy 9 

Corncob* ground 2 

Com fodder 7 

Com ftover d 

• Cevrpeo 19 

Koflr fodder 9 

Kafir *torer 6 

Lespcdexa mmature 14 

leipedeza mature 12 

M xed good 8 

« Oot 8 

Fro re <i*eitem 6 

• Sorghum fodder iweef d 

Soybean 14 

Soybean In bloom 17 

Soybeon teed npe 15 

Sudan grait 9 

Tmofhy 7 

Timothy before bloom 10 
Tmothy full bloom 6 

Tmethy late leed 5 

Wheat 6 


50 M7 dd7 024 1 0? IM 


51 1 13 5 13 022 1 00 

49 020 091 028 1 27 

53 1 15 3^2 023 1 04 

55 1J2 5 99 0 29 1 32 

52 1 35 613 019 0 86 86 

51 0 68 3 09 0 20 0 91 

46 0 02 0 09 

54 021 095 014 064 1 8 

46 026 lie 005 0^3 

51 1^7 622 029 U2 

54 0J5 ^J9 018 0 82 2 0 

SI 0-54 2^5 009 OMl I J 

49 1 04 472 019 0 86 22^ 

40 090 409 015 0 68 

50 0 61 277 0 18 0 82 

47 021 095 019 086 

50 0J6 1 63 018 0 82 9^ 
52 0J4 1J4 012 0 54 1 1 
49 0 94 4 27 074 109 

52 1J3 695 027 173 

I 55 086 390 032 1AS 30 

I 49 0 36 1 63 076 1 18 

> 49 023 1 04 070 09| 57 

" 57 9 2 

3 48 0 23 1 04 0 20 0 91 47 

I 42 014 064 015 068 27 

6 47 0 14 074 0 18 082 


mg /lb 
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TABLE Ap-7 Selected List of Roughage Feeds with Typical 
Nutrient Composition {Continued) 


Feerfjfuffs 


Total Pfote r> 

Dry Total Djg fiber 
matter % % % 


TON 

Calcium Pbojpberuj 
cattle % gm /lb % gm /lb 


Straw 









» Barley 


4 

1 

38 

42 

032 1 45 011 

0 50 


* Oat 


4 

1 

36 

45 

0 19 086 0 10 

045 


Soybean 


4 

1 

41 

39 

0 13 

0 59 


1 Wheat 


4 

1 

37 

41 

0 21 0 95 0 07 

0 32 


S lage 









Alfalfa, r>o pre* 









tervative 

25 

4 

3 

8 

14 

0 35 1 59 0 08 

0 36 

21 1 

Alfalfa mefa«te« 

27 

4 

3 

fi 

15 

04) 186 COS 

0 36 

145 

Beet top 

Clover, lodtflo 

32 

4 

3 

4 

15 

031 1 41 007 

0 32 

51 

and timothy 
Com, dent, well 

30 

6 

4 

7 

18 

0 36 1 63 0 06 

0 27 

22 3 

matured 

27 

2 

1 

7 

18 

0 10 045 006 

0J7 

64 

Com, dent, Imma 









ture 

20 

2 

I 

6 

13 




Corn and loy* 









beam, well 









matured 

28 

3 

2 

7 

20 

020 091 008 

0 36 


Grots silage, 
high legumes 
Grass silage. 

33 

5 

3 

9 

19 



243 

iow legumes, 
molasses 

29 

3 

2 

9 

18 

0 07 

032 


Sorghum, sweet 

25 

2 

1 

7 

15 

OOB 0 36 0 04 

0 16 

27 

Soybean 

25 

4 

3 

7 

15 

034 }JA 009 

041 

146 

Sudon grass 

26 

2 

2 

9 

15 




Timothy (wilted) 

30 

3 

2 

10 

18 

0 16 062 009 

041 

14 1 

Timothy, molasses 

43 

4 

2 

14 

17 

016 0^3 006 

036 



Carotene 
mg /lb 
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CHART AP-C. Four Graphs Illustrating the Conversion of Live 




The metabolic size of animals is that weight to which their energy 
and most of their nutncnt needs are related It is expressed as the 
body weight m kilograms raised to the three-quarter power (Wk 
orl(W,,.x2 2)0”] 

This value can be wntlen for calculation m two ways If loganthms 
are to be used the solution IS Antilog of (log IP x 0 75) 
Anthmetically it may be written 
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Weight of Animals to Their Metabolic Size 


XIV£WBIGHT W 

325 350 375 400 42.5 450 



70 1 ■ * « » 

700 800 900 1000 


^.IVBWBiaHT /A' POU.\Pff 
LIVBWBI&HT IN AUUO-RAMS 



"hich indicates that the answer is obtained as the square root of tlic 
square root of the number resulting from multiplying the weiglit by 
its square. . , . 

For most uses in nutrition the number representing the metnbo be 
size of an animal may, with sulTicient accuracy, be read from the 
graplis above. 
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CHART Ap-D Conversion of Ppm to Mgs per Day per Kg of 
Body Weight 

th ♦r^r* elemenh or oJher foton amendment* *omet me* descr bed m ppm 
t maY"be"derrable to tror.lalo luch figure* to we ght un ti Tbe relot ornh p* are *oth that. 

ppm V lb* of feed per day 

M 11 gram* intake per doy per kg body we gW “ H„ wt of on mol 

Example A 900 lb tow tote . np do ly 20 lb. food wh d. tonloln. 90 ppm Boot.oe 

r 90 ^ 20_XJ.00&O00 _ ?0_X^ ^ Q 2 mo /ko /day of floono* 

LuIOmS^ >2- 2“ 


does not demand figures earned to the limit ol their analytical accu- 
racy In fact, such accuracy defeats the primary usefulness of the 
data— that of a practical or working descnption of the feedstuff 
Those who have had expenence in the formulation of commercial 
feed mixtures have learned that such refinements of quantitative ana- 
lytical data ate not practically useful Feed regulations never demand, 
nor could they enforce, requirements as to guarantees of protein, fat, 
or fiber to an accuracy of a fraction of a per cent Above all, the 
animal itself does show by altered performance, that fluctuations in 
nutrient intake of the order involved m usual sample variation are 
of significance 

Our conclusion from both the theoretical and the practical view- 
points IS that tables of feed composition most useful as guides in 
ration formulation should not atfect an analytical accuracy beyond 
that given by expressing the proximate principles as whole per- 
centages the calcium and phosphorus to one tenth, and trace minerals 

CHART Ap-E Weight Conversions 


M crogroms X 1000 in tl gram* 
MUgram* X 1000 = gram* 
Gram X 1000 « fclogram* 
Gram* X 28 3 = ounce* 

Grom* X 454 ‘= pound* 

Ounce* X 14 = pound* 

Ktogrom* X22 » pound* 
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and vitamins to one one-hundredth of one per cent. In general, those 
nutrients or fractions normally expressed in units of kilograms or 
pounds need no decimals in the percentage figures, and those meas- 
ured in ounces or grams, only one place of decimals. Nutrients re- 
ferred to in milligrams usually need two or sometimes three decimals 
if they are to be shown as percentages. When the nutrient occurs in 
less than a milligram per pound, parts per million (ppm.) may be 
a preferred descriptive value. 

The tables of feed composition given here are working tables in 
the above sense. They are obviously not exhaustive but include the 
common widely used feedstufis. They will be as accurate as such 
tables need to be for the practical manipulation of feedstuffs in 
applied feeding. As such they will be adequate for instructional pur- 
poses as well (see Table Ap-6 and Table Ap-7). 



INDEX 


Acetonemia, 21 

Adjustment of meal allowances ac- 
cording to fat content of milL, 
390 

Alfalfa meal, vitamin content, 274 
Alkali disease, 23, 303 
Amino acids, source for herbivora, 
160 

Animal fats as ration additives, 283 
Animal feeding categories, basis for, 
315, 316 

m beef cattle feeding, 330 336 
in dairy cattle feeding, 322 328 
in swine feeding, 316-320 
Annual requirements of meal by live- 
stock, 409 

Antibiotics, nutritional effects of, 176, 
282 

qumtitative requirements, 180 
Apparent digestibility, definition, 97 
delermimtion of, 99 
Arsenic, 24 

Ash, nutritional significance of, 51 

Balance between nutrients and en- 
ergy, 186 
Balanced ration, 7 

Balanced rations, economics of, 405- 
407 

misuse of, 408 
Barlej, 242-248 

composition, 224 


feed grades (Canadian), 242, 243 
general deficiencies, 246, 247 
purity as harvested, 244 
the key coarse gram, 241 
variation m weight per bushel, 
245 

Basal feeds, definition, 8 
bulkiness of, 230 
protein quality of, 223 
proximate composition of, 223 
229 

quality of, 234 
Basal metabolism, 127 

relation to body surface, 128 
relation to metabolic size of ani- 
mal, 129 

Basis of protein requirements by ani- 
mals, 153 

Beef cattle meal mixture specifica- 
tions, 330 337 

number of mixtures required, 336 
protein levels, 330-333 
Biological value of protein, calcula- 
tion of, 76 

factors afTccting, 158 
variable nature of, 78, 158 
Biological \nluc of ration protein, cf- 
fcctisc value of, 161 
nod> fat proiJuclion encrp> cost of, 
140 

Bomb calorimeter determinations of 
caloric salues, 66 
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Bone meal, fluorine in, 24 

Buckwheat, composition of, 249 

Calcium, excessive use of, 171 
Calf starter, 22% protein, 371 
Caloric value of a feed, calculation 
of, 56, 66 

nutritional significance of, 68 
Carbery's graphical method of calcu 
lating digestibility, 113 
Carbohydrate, alternate schemes of 
analysis of, 60 64 

comparison of alternate with 
Weende scheme, 61 64 
Carbohydrates, classification of, 43 
functional grouping of, 44 
Carbonaceous concentrates, 8 
Cattle meal mixtures, flexible formu- 
lae for. 359 

protein levels required, 360 
Chemical scores for protein, 84 
Chromic oxide, 101 
Classification of feeds, 210-221 
by protein, 212 

roughages vs concentrates, 210, 
211 

Coarse grams, 241-249 
definition of, 234 
description of, 245 
variability in composition of, 245 
Cobalt, requirements of, 175 
Concentrate, 9 
Copper, 23 

requirements for, 175 
Com, a typical basal feed, 234-241 
composition of, 224 
TDN of, 29, 237 
variation between samples, 236 
vs barley m cattle rations, 359 
wet milling of, 225 

Conversion of live weight of animals 
to metabolic size 446 
Crude fiber, 40 

digestibility of, 40-42, 228 
index of available energy, 229- 
233 


physical role of, 42 
relation to bulkincss, 231, 232 
Weende analysis of, 45 
Crude protein, calculation from fac- 
tor 6 25, 49 

nutritional significance of, 47 
over-emphasis on, 48 
source of energy, 48 
Crumbles, 12 

Daily allowances of feed for animals, 
385 

Dairy calf feeding schedules, 395 
Dairy cow meal mixture specifica- 
tions, 322-330 

calculation of protein level, 325 
Iodine requirement, 330 
non protein nutrients, 328 
number required, 327 
salt level, 330 

supplementary calcium and phos* 
phorus, 329 
Deficiency disease, 22 
Diet, 6 

Dietary protein, fate of, 153 
Digested protein, use m the body, 
158 

Digestible protein, equivalent in total 
protein, 163-165 
Digestible nutrients, 96-98 
apparent digestibility, 97 
implications as to absorption, 96 
Digestibility, associative effects of 
foods, 106 

assumptions and facts m calcu- 
lation of, 105 

determination, 99-103, 107, 112 
prediction equations for, 114 
quantitative feed records for, 102 
Digestibility coefficients, variability of, 
99, 109 112 

effects of proximate analysis, 1 14 
for crude fiber, 229 
Digestibility of crude fiber, 40-42 
Digestibility of ether extract, 36 
prediction of, 37, 38 
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Digestibility of protein, 155-156, 164 
effect of crude fiber, 157 
effect of level of protein, 156 
prediction of, 157 

Digestibility of roughage vs grain, 46 
Dry matter, 27 

Dry meal method of calf feeding, 396 
Drugs, 282 

Endogenous urinary nitrogen, 160 
Energy, categories in nutrition, 70, 
129, 132 

animal response to intake of, 195 
significance in nutrition, 68 
Energy cost of body fat production, 
140 

of milk production, 139 
of work, 140, 141 

Energy losses In food utilization, 130, 
132 

fecal, 133 
gaseous, 133 
heat, 131 
urinary, 132 

Energy intake, critical nature of, 195 
Energy metabolism, diagram of, 18, 
19 

Krebs cycle, 20, 21 
Energy requirements, 125, 149 

for adult maintenance, 127, 137 
for growth, 141, 145 
Enzymes: Enzyme systems, definition, 
16 

composition of, 17 

Essential amino acid indc:c of protein 
quality, 86 
Ether extract, 3M0 

digestibility of, 35-38 
energy value of, 32-34 
nutritional significance, 32, 33, 
39 

stability In feeds, 34 

Eactors affecting hog carcasses in- 
tended for bacon, 400 


Feed, definition, 6 

allowances for market pigs, 398 
classification, 211, 212 
efficiency, 69, 71-74 
flavoring materials, 280 
requirements for market pigs, 
398 

Feed intake, index of nutritional 
value, 71 

Feed requirements of animals, calcu- 
lation from energy needs, 137 
Feed requirements, for growing cattle, 
148 

for growing pigs, 149 
Feeding standards, 181-205 

animal feeding categories, 198, 
315 

biological tests of, 189 
definition of, 181 
evolution of, 182 
Indispensable guides, 200 
margins of safety, 185, 197 
modem standards, 201-204 
not finalized, 200 
Feeding terms, 3-119 
ash, 51 
basal feeds, 8 

biological value of proteins, 75- 
80 

caloric value by combustion, 66- 
68 

chemical scores for protein, 84 
concentrates, 9 
crude fiber, 40-43 ^ 

crude protein, 47-50 
crumbles, 12 
deficiency disease, 22 
digestible nutrients, 96-119 
enzymes, 16 

essential amino acid index, 86 

ether extract, 31-40 

feed efficiency, 69, 71-74 

feeding stuffs, 6 

flakes. II 

mash, meal, 1 1 

names of feeds, 3-5 
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Feeding tems {continued)’ 

nitrogen free extract, 43-47 
nutrients, 13 15 
pellets, 11*12 

protein replacement xalue, 80- 
84 

proximate analysis of feeds, 25- 
52 

ration, 6 
roughage, 10 
starch equivalents, 64-€6 
supplements, 8 

supplementary values of protein, 

‘ 91-94 

total digestible nutrients (TDN), 
55.AO 

toxicity, 21-24 
ssatcr, 25 31 

Feed legislation— Canadian, 411433 
excerpts from feeding stulTs act. 
414424 

guarantees required, 416, 419 
injurious seeds prohibited 424, 
425 

mineral mixture specifications, 
420 

minimum protein Icsels. 423, 
424 

officul names and definitions of 
feedstulTs, 424433 

Feed legislation — United States, 433- 
438 

excerpts from proposed uniform 
state feed bill 434438 
registration 434436 
rules and regulations 436438 
FeedstufTs, defnil on 6 
s’orage of. 27 

sanabitny In ptoximaic composi 
non. 214 221 

I ishmeals, fat content of, 266 
Ilalies 11 

Ilasofittg arents 2K1 
ricxiMc formutac, densatior, 245 
philosophy of 373 
»u*-sntu*>ons in. 374 


Flexible formulae for meal mixtures, 
preparation of, 338 347 

generalized pattern formulae, 341 
pattern mixture, 339-343 
precautions, 346 

skeleton formula for swine mix- 
ture. 343 
subformulae, 345 

Flexible meal mixture formulae for 
cattle. 358 375 

corn vs barley as basts, 358, 359 
fixing the protein level, 359 361 
hints for formulation, 370 
limits of use of individual feeds, 
364 367 

proportions of subgroups, 362 
Flexible meal mixture formulae for 
sssine. 377-383 

choice of protein feeds. 380 
mixed supplements derived from 
formulae, 381*382 

Flexible mixed protein supplement 
formulae for cattle, 368 
derivation of. 368 
use of. 369 

Flexible formulae for meal mixlures, 
for calf starter, 371, 372 
for cattle, 362. 363 
for swine, 378, 379 
Flexible formulae for mineral mix- 
tures, 

for beef catile, 353 
for dairy cattle, 353, 356 
for sheep, 353 
for iwinc 357 
Fluorine. 23, 278 
(orages moisture content of, 29 
Formulation of cattle meal rations, 
hints for, 570 


Grass meals, vitamin content of. 274 
Growing animals, efTicicncy of energy 
utilization. 147 
expected daily gains of. 148 
normal growth of. 148 
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Growing cattle, feed requirements for, 
148 

Growing pigs, feed requirements for, 
148 

Growth, protein requirements for, 165 
Growth, calculation of caloric re- 
quirements, 146 
energy requirements for, 141 
measures of, 143 
standards for heifers, 143 
Growth curves, general nature of, 143 
use of, 145 

Guides to, dairy cattle feeding, 388 
swine feeding, 398 

Hay, characteristics of good hay, 293, 
295 

foreign materials in, 291 
grading, 290, 291 
losses in curing, 295 
maturity at cutting, 292, 293 
TDN content of, 290 
Horse feeding, bran mash for, 401 
thumb rules for, 401 

Index methods of digestibility deter- 
minations, 101 
‘Indirect digestibility,” 103 
Iodine, methods of feeding, 408 
requirement of, 175 

Maintenance energy requirement of 
dairy cattle, 134-137 
adult animals, 127-138 
Maintenance requirement of protein 
for adult cow, 162, 163 
Magnesium, requirements of, 175 
Manganese, requirements of, 175 
Mash. 11 
Meal, 11 

Meal allowances, cows in milk, 390 
cows on pasture, 392 
Meal and hay allowances for dairy 
heifers. 394 
Medicated feeds, 283 
Metabolic fecal nitrogen. 155 


Metabolic size of animals, 128, 129 
Milk production, energy cost of, 139 
Minerals 

effect of excesses, 171 
in concentrate feeds, 174 
m forages, 173 
macro vs micro, 170 
probable requu'ements of micro 
elements, 175 
tolerance of, 171 
Mineral supplements, 275-279 
content of element, 276 
fluorine problem, 275 279 
phosphorus earners, 277 
sources, 276 

Miscellaneous feeding guides, cattle, 
385-397 

calf feeding schedule, 395 
feeding according to fat content 
of milk, 390, 391 
feeding cows while on pasture, 
392 

feeding during pregnancy, 397 
meal allowances for growing cat- 
tle, 394 

meal allowances cows in milk, 
388 391 

salt allowances, 392 
water requirements of milking 
cows, 393 

Miscellaneous feeding guides, horses, 
40M03 

orphan foals, 402, 403 
thumb rules, 40! 

Miscellaneous feeding guides, swine, 
398-400 

feeding for bacon. 400 

meal allowances, market pigs, 

398 

self feeding sows, 399 

thumb rules for breeding slock, 

399 

Mixed mineral supplement formulae, 
preparation of. 348 357 
calcium salt ratio, 356 
for cattle and sheep, 349, 350 
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Feeding terms {continued): 

nitrogen free extract, 4347 
nutrients, 13-15 
pellets, 11-12 

protein replacement value, 80- 
84 

proximate analysis of feeds, 25- 
52 

ration, 6 
roughage, 10 
starch equivalents, 64-66 
supplements, 8 

supplementary values of protein, 

* 91-94 

total digestible nutrienU (TDN), 

55 60 

toxicity, 21-24 
v,ater, 25-31 

Feed legislation— Canadian, 4U433 
excerpts from feeding stuffs act, 
414424 

guarantees required, 416, 419 
injurious seeds prohibited, 424. 
425 

mineral mixture specifications. 
420 

minimum protein leseh, 423, 
424 

olTicial names and definitions of 
feedstufis, 424433 

Feed legislation — United States, 433- 
438 

excerpts from proposed uniform 
snte feed hill, 434-438 
registration, 444436 
rules and regulations, 436438 
Feedstuffs, definition, 6 
storage of, 27 

sanability in proximate composi- 
tion. 214-221 

Fishmeals. fat content of, 266 
rial^cs. 11 

Flasoring agents. 281 
Flexible formulae, derivation, 243 
philosophy of. 373 
substitutions In. 374 


Flexible formulae for meal mixtures, 
preparation of, 338 347 

generalized pattern formulae, 341 
pattern mixture, 339-343 
precautions, 346 

skeleton formula for swine mix- 
ture, 343 
subformulae, 345 

Flexible meal mixture formulae for 
cattle, 358-375 

corn vs barley as basis, 358, 359 
fixing the protein level, 359-361 
hints for formulation, 370 
limits of use of individual feeds, 
364-367 

proportions of subgroups, 362 
Flexible meal mixture formulae for 
swine, 377-383 

choice of protetD feeds, 380 
mixed supplements derived from 
formulae, 381-382 
Flexible mixed protein supplement 
formulae for cattle, 368 
derivation of, 368 
use of. 369 

Flexible formulae for meal mixtures, 
for calf starter, 371, 372 
for cattle, 362. 363 
for sviine, 378, 379 
Flexible formulae for mineral mix- 
tures, 

for beef cattle, 353 
for dairy calUc, 353, 356 
for sheep, 353 
for swine, 357 
Fluonne, 23, 278 
Forages, moisture content of. 29 
Formulation of cattle meal rations, 
hints for, 370 


Grass meals, vitamin content of, 274 
Crowing animals, efficiency of energy 
utilization, 147 
expected daily gains of, 148 
normal growth of, 148 
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Growing cattle, feed requirements for, 
148 

Growing pigs, feed requirements for, 
148 

Growth, protein requirements for, 165 
Growth, calculation of caloric re- 
quirements, 146 
energy requirements for, 141 
measures of, 143 
standards for heifers, 143 
Growth curves, general nature of, 143 
use of, 145 

Guides to, dairy cattle feeding, 388 
swine feeding, 398 

Hay, characteristics of good hay, 293, 
295 

foreign materials in, 291 
grading, 290, 291 
losses in curing, 295 
maturity at cutting, 292, 293 
TDN content of, 290 
Horse feeding, bran mash for, 401 
thumb rules for, 401 

Index methods of digestibility deter- 
minations, 101 
“Indirect digestibility,” 103 
Iodine, methods of feeding, 408 
requirement of, 175 

Maintenance energy requirement of 
dairy cattle, 134 137 
adult animals, 127 138 
Maintenance requirement of protein 
for adult cow, 162, 163 
Magnesium, requirements of, 175 
Manganese, requirements of, 175 
Mash, 1 1 
Meal, 11 

Meal allowances, cows m mtlk, 390 
cows on pasture, 392 
Meal and hay allowances for dairy 
heifers, 394 
Medicated feeds, 283 
Metabolic fee'll nitrogen, 155 


Metabolic size of animals, 128, 129 
Milk production, energy cost of, 139 
Minerals 

effect of excesses, 171 
in concentrate feeds, 174 
m forages, 173 
macro vs micro, 170 
probable requirements of micro 
elements, 175 
tolerance of, 171 
Mineral supplements, 275-279 
content of element, 276 
fluorine problem, 275-279 
phosphorus carriers, 277 
sources, 276 

Miscellaneous feeding guides, cattle, 
385-397 

calf feeding schedule, 395 
feeding according to fat content 
of milk, 390, 391 
feeding cows while on pasture, 
392 

feeding during pregnancy, 397 
meal allowances for growing cat- 
tle, 394 

meal allowances cows m milk, 
388 391 

salt allowances, 392 
water requirements of milking 
cows, 393 

Miscellaneous feeding guides, horses, 
401-403 

orphan foals, 402, 403 
thumb rules, 401 

Miscellaneous feeding guides, swine, 
398-400 

feeding for bacon, 400 

meal allowances, market pigs, 

398 

self feeding sows, 399 

thumb rules for breeding stock, 

399 

Mixed mineral supplement formulae, 
preparation of. 348 357 
calcium salt ratio, 356 
for cattle and sheep, 349, 350 
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Mixed mineral supplement formulae, 
preparation of (confiniied) 
phosphorus salt ratio, 351 
supplementary calcium levels, 

356 357 

supplementary phosphorus levels, 

350 352, 355, 356 
trace element inclusions, 352 
Mixed protein supplements, for beef 
cattle, 368 

for dairy cattle, 368 
for swine, 382 
Molasses, 12, 30, 280 
Molybdenum, 23 
Muscle, 16 
Myosin, 17 

Names of feedstuffs, significance of, 

3 6 

Nitrogen balance, work sheet for, 81 
Nitrogen free extract, 43-46 
Nutrients, 13 

classified list of, 15 
imbalance of, 187 
relative importance of, 152 
Nutrient requirements 
for beef cattle, 203 
for dairy cattle, 201 
for swine, 202 

specifications in dairy meal mix- 
tures, 332 

Oats. 248, 249 

composition of, 224 
purity as harvested, 248 
Official names and definitions of feed- 
slufls (Canadian), 424-435 
Oilmeals. 255-263 

Amino acid content, 256-262 
calcium and phosphorus content, 
257 

crude fiber content. 255, 256 
effects of heating 258, 259 
effects of processing. 257 
(at content, 260 
quality of protein, 256, 262 


Pasturage, nutritional value of, 303, 
304 

Pattern meal mixtures, component 
parts, 339 
Pellets, 11, 12 

Per cent protein in meal mixtures for, 
growing dairy cattle, 167 
growmg swme, 167 
Phosphorus earners, amounts needed, 
277 

Phosphorus required m cow rations, 
278. 350 

Phosphorus, effect of excess of, 171 
Proposed uniform state feed bill 
(United States), excerpts from, 434 
Protein 

biological value of, 76, 89, 264 
chemical scores for, 84 
deficiencies, 152 
essential ammo acid index, 86 
supplementary values of, 91 
Protein feeds of aoimal ongin, 263* 
269 

Ammo acids of, 265 
ash content of, 266 
fat content of, 266, 267 
Protein losses in food utilization, 153* 
162 

Protein, nutritional effect of surplus 
intake, 152 
Protein quality, 265 

application to feeding practice, 
89 

effect of heat on, 82 
Protein replacement value, calcula- 
tion, 80 

vs biological value, 82 
Protein requirements, 153-168 

adult cow maintenance, 162, 163, 
166 

equation for, 161 
generalized recommendations, 
166 

growing animals, 166, 167 
lactation, 168 

Protein supplement, definition, 8, 9 
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Protein supplements, 253 269 

Ammo acid content of, 256, 262, 
265 

animal or marine origin, 263 
composition (general), 254, 264 
peculiarities of certain feeds, 262 
plant origin, 263 

Protein, wastage in metabolism, 161, 
162 

Proximate analysis, 25, 46, 51 
index of feeding value, 403 
of weed seeds, 405 
PjmjmaJe princip^ts of feedstiiffs, 
vanability of, 218 
Prussic acid, 22 

Quality of protein, animal vs plant, 
265 

in basal feeds, 224 
significance in practical feeding, 
89. 90 

Ration, 6 

Ration formulation, 311-314 
Rice feed, 4 

Rock phosphate, fluorine in, 24 
Roughage, 10 
Roughages, 285-305 

available energy of, 286 290 
characteristics of good hay, 293 
effect of maturity at harvesting, 
293 

energy classification of, 297-300 
harvesting losses 289, 295 
leaf stem ratio, 289, 294 
legume vs grass, 294 
lignification, 296 
nutrient concentration m, 285- 
287 

pasturage, 303, 304 
straw. 304, 305 

tjpical of beef cattle feeding 335 
Roughages nutritional liabilities, 300 
copper deficiency. 301 
fliionne. 301 

mol>bdcnum excess, 302 


nitrates, 303 
selenium, 303 

Salt, effect of excess, 171 
Salt phosphorus ratio m rations, 351 
Salt requirements, cattle, 392 
swine, 341 
Salt tolerance, 171 
Selenium, 23 

Self feeding of brood sows, 399 
Skimmilk, 267 
Sodium bentonite, 32, 281 
Soybean oifmeaf, 262 

vs linseed oilmeal, 262 
Specific dynamic heat loss in metabo- 
lism, 131, 132 

Starch equivalents, calculation of, 64 
comparison with TDN, 66 
Straw, 304 
Supplements, 8, 9 

Supplementary values of protein, 91- 
94 

Sweeteners and flavoring materials, 
280 

Swine meal mixtures, 378 

protein mineral vitamin supple- 
ments, 380, 381 
skeleton formula, 343 
Swmc meal mixture speciflcitions, 
*316-322 

early weaned pigs, 321 
numbers needed, 319 
protein levels. 316 318 

Tables of feed composition, 439-445 
Tankages, fat content of, 266 
Terms used in feed composition (see 
also ‘feeding terms”), 3-119 
The feed bag fag, 405 
Thumb rules for feeding, breeding 
swine, 399 

>oung dairy calves, 393 
Total digestible nutrients (TOV), 55- 
fO 

caloric value of 5^ 60 
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Total digestible nutrients (TDN) 
{continued) 

method of calculation 57 
^ origin of term, 58 
vs starch equivalent, 66 
vs bulk vs crude fiber of feeds, 
231 

Toxicity, 2^ 

Trace minerals, requirements of live- 
stock. 175 

Tricarboxylate cycle, 20 

Urinary nitrogen, minimum daily ex- 
cretion of, 159 

Use of protein and mineral supple- 
ments, 369 

Variability between animals m re- 
sponse to feed, 184 194 

in digestion coelTicients 109 112 
of feeds in composition, 214 221 


Vitamin Bjj, 274, 275 
Vitamin supplements, 270 275 
characteristics of, 272, 273 
species requirements for, 176 
sources of, 272, 273 
units of potency of, 270 273 


Water, determination of, 26 
relation to TDN, 28 
requirements, 31, 393 
restriction 30 
significance of, 27 30 
Weende analysis, modifications of, 
60 

Weight conversions. 448 
Weight per quart of feeds, nutritional 
significance 231 
relation to TDN, 232, 233 
Wheat bran, 250 
Work, energy cost of, 140 



